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SAID AND GRAVEL EXCAVATION - PART 5: MOTOR-TRUCK HAULAGE, CONVEYOR*BELT 


HAULAGE, PUMPS AND PIPE LINES, BARGES AND TOWBOATS, AERIAL TRamsl/ 


By Je Re Pieenens 
INTRODUCTION 


This circular is part 5 of the third paper (entitled "Excavation") of 
2. series summarizing the technical problems involved in the production and 
preparetion of sand and gravel. Part 1 discussed the use of power shovels, 
draglines, and excavator crenes; part 2, power scrapers, slackline cable— 
way excavators, and hydreulic monitors; part 3, hvdraulic, clamshell, ladder, 
and dipner dredges; and vart 4, haulage systems in general, with particular 
reference to locomotive and car, hoist and car, and remote-control systems. 
This circular discusses the use of motor trucks, convevor belts, pumps end 
pive lines, barges and towbosats, end aerial trams. 


MOTOR-TnUCK HAULAGE 


During recent years motor trucks have gained considerable ground as a 
successful competitcr of locomctive haulage for quarries and gravel pits. 
Often where trucks have displaced locomotives and cars the overators readily 
admit an increase in both labor and total haulage operating ccsts but voint to 
some other adventage as offsetting the extre exvensee In other instances 
haulage costs have been reduced by the use of trucks. In still others opera-~ 
tors, having replaced locomotive haul with trucks, have again returned to the 
earlier method. Obviously gasoline-driven motor trucks cannot successfully 
compete with other types of haulage under all conditions. The apparent’ 
growth in the number of advocates of truck haulage, however, indicates that 
it has passed the exverimental stage and become a nermanent competitor to 
Other tvvese 


Probably the besic reason ywsually advanced for the increased use of 
trucks is summed up in the one word "flexibility." 


Motor trucks require no rails and ties, although for most economical 
use it has been found best to provide a well-maintained roadway for them. 
However, for temvorary haulage, trucks can usually service excavating machines 
1/ The Bureau of Mines will welcome revrinting of this paper, provided the fol- 
lowing footnote acknowledgment is used: "Reprinted from U. S. Bureau of 
Mines Information Circular 6875." 
2/ Senior mining engineer, U. 5S. Bureau of Mines, Veshington, D. C. 
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without previous road prevaration other than the clearing of obstacles and 
filling of holes. Locomotive haulege requires the laying of tracks and at 
least some ballasting for even temnorery operation. Trucks have more pover 
ver ton of load, acceler=te quicker, and ar? canable of shorter time cycles 
on short hauls. On long hauls the locomotive system will usually handle a 
larger tonnage ner unit: of labor and tine, even though the sveed may be 
slowere On hauls of several miles over wetl—ballasted track, hovever, loco- 
motives may eoueal or survass truck sneed. Trucks cen negotiate steeper 
grades and sharper curves than locomotives, ani these items are of ~aramount 
imoortance in meny pits. 


Adequate motor-truckx equioment operated under good management can suv- 
ply continuous service to excavator units, and as this tyne of. haulage uses 
e larger number of indevendent units delays at the excavator due to the 
haulage system are liable to be briefer. 


One advantage cf trucks over other tyves of haulage is that they can 
ve diverted from pit usage to delivery equioment from vlant te consumer when 
required. Frequently a gravel—pit operator is called unon to fill an order 
for bank-run material. If his pit is equipped with nctor-truck haulage he 
can usually avoid rehandliny material at the plant. Trucks can be loaded by 
the excavator and sent direct to the consuming point. With other types of 
pit haulage, bank-run material must usually be unloaded at the plant and re- 
loaded to the delivery equinment. 


Trucks require more labor per ton hauled than locomotives. They may 
consume as ™uch or more fuel ver unit handled, and because of the larger 
number of motor units and the use of rubber instead of steel treads repair 
and maintenance costs may be greater. Ordinarily, however, for equal 
cepacity the. initial investment.is lower for trucx heul. 


Often locomotives may be onereted in wet weather when trucks cannot func- 
tion owing to sliovery roeds. If a well-maintained roadway has been built be- 
tween pit and dump this disadvantage largely disanvears. 


For vits producing large tonnages (several thousand tons daily) locomo- 
tives with their greater unit cavacity have the advantage over truck haulage 
because less labor is required for the lower number of haulage units and there 
is less traffic interference within the pit. 


Zoth types of haulage require careful, adequate, and continuous suvervi- 
sion and maintenance to continue efficient. 


Structural Limitations 
Motor trucks are built in so many types and sizes that space does not 


permit enumeration of their details. The drive unit and chassis are usually 
stendardized by each manufacturer, although the standards of one builder may 
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vary greatly from those of another. Bodies may be built end supplied by the 
truck builder, but in any instances they are menufactured by separate con~ 
cerns or by the gravel vrodicer himself. The correlation of body size to 
tire load is important, and if truck bodies are furnished by ccncerns other 
than the truck builder care should be exercised that the load canacity does 
ngt exceed the designed tire lording as excessive maintenance costs mey then 
result. Bodies range from 1 to 15 or more tons in capacity and may be ar- 
ranged to dump to one or both sides or to the rear end. Some are designed 
to be dumped by gravity, others by mechanism overated by the truck motor, 
and still others by independent means. They may be constructed of wood or 
structural steel, and recently aluminum alloys have received considerable 
ccmmendation by operators who have exnerimented with them in attempts to de- 
crease the dead load and incrense the pay load on the same unit. 


Trucks.may be operated as ‘single units or may haul one or more trailers, 
each of which may have an equal or even greater capacity than the truck it- 
self. The addition of trailers, however, is usually attended by a decrease 
in flexibility, as such units are slower and require extra maneuvering, both 
at the excavator and the dump; however, the use of one or more trailers has 
been found economical for long delivery hauls, particularly in western prec~ 
tice. Trailers have ususlly been discarded for vit to olant service. 


Trucks are well-adapted for either short or oe vit hauls. However, 
more trucks or larger cargy canecities are needed with longer hauls, hence 
initial exnense is greater. There is considereble controversy among operators 
es to the most economical size of truck. Some naintain that a larger number 
of small trucks is better, while others vrefer a smaller number of large trucks. 
In any event, the truck body should be of such size as to serve the shovel dip- 
per or dragline bucket adequately end should in no case be less than the max~ 
imum cavacity of one bucket or dinner. It would anvear that for most economi- 
cal operation the same rule should anply to truck bodies as to cars, namely, 
that the body should be large enongh to hold at least three dipper or bucket 
loads. Such a rule would limit truck haulage to shovels or draglines vith 
bucket capacities of |: or 5 cubic yards or lesse One vroteble reeson for this 
Limitation is the he-vy impact the truck svrings must absorb in receiving 
loads from larger excavators. Truck s»vrings are more flexible than those 
used on railway equipment, and hence they are not designed for such heavy im- 
pact. Sometimes, svecially designed springs have been used, but this seems to 
be a doubtful expedient as the imnact is then delivered with less cushioning 
to the axles and bearings which on trucks are of less rugged construction than 
those on railway equioment. 


Most trucks are equipped vith the conventional 3 or 4 sneeds and reverse, 
but in some the geer ratios are lee to provide as many as 9 forward and 
4 reverse speeds. 

Trucks can be overated successfully on grades uv to 15 percent and even 


steever for short hauls. They can make nearly right-angled turns of small 
radius. The author hes even observed rear-dump trucks backing from excavator 
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to dumv and moving forware for the empty return. This exvedient is, of 
course, suitable only for hsuls of a few hundred feet. The time required tc 
turn around, however, is ssved and the lensth of the haulage cycle is there- 
by recucede 


Probably the mejorit: of trucks used for vit haulage dump to the rear. 
This requires the truck to consume valuable tine in backing to the dump. 
Where trucks are equinped to dump to the side this loss of time mey frequenti; 
be avoided. Side dumpinz, however, seems to offer greater structural difficui- 
ties, and this may account for its less frequent usazee 


Pneumatic tires heve largely disvlaced solid tires for both front and 
rear truck wheels. The drive is usually throuzh the rear rheels, aithough 
some operators prefer both front- and rear-axle drive. To increase traction 
on rear-wheel drives some builders design each rear whesl to carry two tires. 
Others use four wheels on tne same axle. Still others use two rear axles, 
either or both of which may be driven and may carry 2 or 4 wheels or tires. 
Wheel and tire design should be correlated to the weight-carrying cavecity 
of the trucx body, as most of the load: is suvnorted by the rear or drive 
wheels and tirese sO 7 


The bodies of trucks are anvroximately the same size ner ton of load 
and have the same clearance height above the ground as cars. The driver's 
cab usually extends above the body and being close to one end »vrévents a 
clear swing of the excavator bucket or divoer over the body, thus tending. 
to increase the dumping time of the excavator. The bucket or divper may be 
swung above the ton of the cab, but when it is dumped the impact on the truck 
body and springs is then increased. 7 


Trucks are built for spveeds up to 40 or more miles ver hour, although 
maximum sneeds are seldom attained in vit haulage. | 


Service Equipment Recuired 


Truck haulage systems to be efficient should have facilities for com- 
pletely servicing and overhauling motors, tires, and dumm bodies. This re- 
quires revair shons and garsges of sufficient canacity to house all equiv 
mente In cold weather trucks are frequently difficult to start, hence garages 
should be heated. Where heated garages are not available some onerators have 
adopted the practice of completely draining the radiators at the end of the 
shift and providing a suitable suoply of hot water for refilling them in the 
morning. This prectice, hovever, is open to criticism owing to the tendency 
of the cylinder to crack under the strain of sudden exvansion due to the 
introduction of hot water in a cold cylinder block. 


While trucks can onerate over fairly soft surfaces and even throuzh 
loose sand, time and money are saved if hard-surfaced roads are vrevered for 


them. Many operators heve found it econemical to build roads of standard 
highway construction between vit and plant, extending them as close to the 
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excavator as possible. These roads should be kevt in good revair and all holes 
promptly filled. At some pits graveled roads are built end a smocth surface 

is maintained by causing one or more trucks to @rag behind them a grader mede 
of railroad raile 


Trucks must be serviced rezularly for fuel and oil, but this service is 
usually rendered at the garage durinz the noon hour or after the shift is 
finished. 


Many operators insist unon a daily washing and mechanical inspection 
and oeriodic greasing of all trucks and bodies. At some plants the truck 
driver is held responsible for the mechanicel care of his truck and paid 
accordingly. At others a chief mechanic is emoloyed whose sole duty is 
to see that all trucks are »~ronerly serviced. 


Recently a new tyne of truck accessory has been put to one This con-~ 
sists of a so-called "truck~ckip," end is used principally for pits emvloying 
hand loading. 


Cenecity 

The capacity of truck-haulage systems is largely a matter of organization 
and management. The very flexibility of truck units maxes careful: supervision 
and timing imperative in order that lost time be kept at a minimum. So far 
there have been few nublished analyses of truck haulage problems in the tech 
nical literature. Most of these have covered long hauls (several miles) from 
mine to treatment plant or railray aiding and are not applicable to pit condi- 
tions. Andrew P. Anderson made an analytical study of truck haulage in con- 
nection with the construction of concrete highways, and while his study is not 
directly see gravel—ynit haulage much of the material contained in it 
can be so ueilived<s Anderson found that on short hauls (less than 1 mile) 
the main factor in deternining haulege capacity was not the road speed of the 
unit but the length of time the truck must spend while being loaded and dumved. 
He also found that, given equal road speeds and normal overating conditions, a 
O-, j=, or bebatch truciz does not deliver to the mixer at the navement as many 
batches per hour as 2, 3, or 4 single-batch trucks would. Without further analy- 
sis this imolies that smaller trucks have greater unit capacity than larger 
trucks, but when it is recalled that a 4-batch truck must discharge one batch 
to the mixer, then wait until the mixer is ready for another before dumping 
the second batch, the reason for this is clear in the lost time at the mixer. 


From an analysis of Anderson's study cf truck haulage in 122 vaving jobs 
it apvears that 9 to 10 percent cf the total available haulage time was lost 
because of faulty equivment or faulty overation of the haulage units. This 
percentage is computed after deduction of all other time losses attributable 
to causes cr equipment other than the haulage unit itself. Moreover, it does 


ee Rock Products, , Quarry Overator Invents Novel Truck-skip: | “June 193 re pe Sle 
U/ Anderson, A. P., Truck Operation and Production in Concrete Paving Worle: 
Public Roads, vol. 11, no 12, February 1931, vn. ou7. 
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not include the time required to load and dump trucks. The 10—-vercent loss 
may then be assessed to factors evoidable with well-meintained trucks on- 
erated under perfect organization. Since it is not vossible for any trucx- 
haulage system to operate with 100-vercent efficiency it is reasonable to 
assume that an average time lcss of 10 prcent dus to the equipment and or- 
eration of any truck heulege system may be exnected and that variations up 
or down will result from the degree of efficiency of equipnent maintenance 
and *neration. 


As painted out in previous parts cf this paper no excavating unit cen 
be expected to operate indefinitely at theoretical capecity, and the working 
capacities were computed by deducting varicus percentages from the theoreti- 
cal. In actual operation excavation equipment dces not function in a straight- 
line curve represented by a percentage of theoretical canacity but in a more 
or less irregular curve presenting numerous peaks and valleys, the average cf 
which will apyroach the straight-line curve of working capacity. The capacitr 
of any haulage unit will be found to follow the same rules, esvecially with 
such a flexible system as truck haulage. Then, if the peek of the excavatcr 
curve coincides with the peak of the haulege curve highest combined efficiency 
results. Conversely, when the valleys of both curves coincide lowest effi- 
ciency results. The haulaze unit must be designed to serve the excavator at 
its peak aperation and therefore will have excess units available during less 
productive periods. These excess units in the circuit must inevitebly cause 
a certain amount of time loss while waiting to be loaded. The time lost in 
this way cannot be attributed directly to either the excavator or the truck 
and therefore must be added to the 10 percent assessed to the truck system 
itself. The amount of loss from this cause will varv from day to day, and 
even from moment to moment, on any job, denending unon local conditions. No 
published studies are available from which to evaluate this loss, but from 
the author's observations efficient all-around service may require the time 
lost to equal the time required to load one truck. On that basis, the second 
truck in line would arrive eat the excavator just after the first one had 
started loading. The time consumed by each truck at the excavator would ther 
be twice the actual loading time. 


Frequently, time is also lost at the dum with trucx haulage. This lcss 
depends largely upon the accommodations provided for unleading. In some in- 
stances trucks are run over a nit cr honmner and dumved without stopping, but 
ordinarily the truck comesto a complete stov and stands still until the lead 
is discharged. With trucks designed for side dumping the delay at the dump 
is usually no more than the actual time required to dump. With rear—dumping 
trucks further time is usually lost in backing the trucx to the dump. Trucks 
equipped with gravity-dump bodies ars frequently difficult to dump owing t- 
the maldistribution of the load by the excavator. The total time required to 
maneuver and dump the truck will depend entirely upon local conditions. Any 
truck in g90d condition should discharge a load of gravel in 20 seconds or 
less, and maneuvering to a dumping position should not require more than 4 
seconds, making a maximum dumping time of 60 seconds. This issumption of 
the author is arbitrary but it is his opinion that the consumption of more 
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than 60 seconds by a. motor truck at the dumm is cause for serious study. 


Besides the waiting time at the excavator, there may be corresponding time 
lost at the dum». This is largely eliminated if the dump is so arranged that 
the truck can discharge its load without stopping. Where the dumping hopper is 
too small to accommodate more than one truckload at a time, delay caused by weit- 
ing is avt to be unduly large. With the best arrcngements tnere is avt to be 
some waiting loss due to divergence or coincidence of neaks and valleys in the 
overating curves of trucks end dump mechanism. For calculation, however, the 
euthor feels tnet one perioc of loading time at the excavator should be amle 
to cover tne average loss there and include tne average lose from a similar 
cause at tne dump, hence no delay factor is used at the dump other than the 
estimate for maneuvering end dumping. 


The truck should, of course, spend the greatest nortion of the available 
hauling time in actual trevel betveen excavator end dump. The empty return 
Cistance may vary somewhat from t°’e loaded haul, and the return speed will also 
vary from the loaded sveec, therefore tne round-trip speed should be computed 
by dividing the actual duerance covered in the complete cycle by ee actual 
time traveling. 


fhe speed of trucks will be influenced by rany fectors, amone which mey be 
mentioned the mechanical condition of the truck itself; tne grade, curvature, 
and surface condition of the roadwey; tne amount of treffic interference; 
whetner all units are cenable of maintaining the same sneed; and the length of 
the haul. With resvect to truck speed Anderson concludes from his study; 


First, that with good rords, vroper equipment in good condition, freedom 
from treffic interference, and able management feirly high hauling 
speeds can be maintcined rether consistently. 


Second, that with any one of these requirements lecking the uniform 
maintenance of high speeds is very difficult and probably impossible. 


Third, that a high sveed is ordinerily of little productive value unless 
it can be maintained fairly consistently and includes all the haul- 


ing units. 
Without doubt, these conclusions cen be applied equally to pit hmlage,. 


Anderson found that round-trivo truck speeds ranged from 6 to 30 miles per 
hour end averaged 18 miles per hour. An analysis of his teble comparing loaded 
speed with empty return speed shows that the return speed ranged from 4.5 to 
38 percent faster than the loeded speed on normally londed trucks and up to 
89 percent faster when overloads were carried on light trucks. 


He found further that, other conditions being eaual, the average round—trip 
sveed of trucks increased elmost invariably vith an creased heuling distance 


but not in computeble rzetio. 
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Calculation of tne ce: pacity of motor-truck haulage systems involves: 


fe 


The lording speed of the excevator served. 
The lengtn of round-trip heul. 

The averare round-trin speed, 

The time consumed in loading and dumpine. 
The time lost from otner causes. 

The cergo cavacity of the truck unit. 


The number of trucxs. 


From these elements the following formula is borroved from Anderson's 
paper, but the factors revresented by the comocnents are changed to represent 
pit haulage. 


in wnich 
W = 


L= 


Sut mt 


number of trucks required; 
round-trip length of haul, in feet; 
average round-trip sveed, in feet per minute; 


total time used by each truck in loeding, dumping, maneuvering, and 
waiting on each raund trip, in minutes; 


loading sneed of the excavator, in minutes ver ton'at working capacity: 
number of tons carried by eech truck. 


Uxample 9 


Assume an operator has a 1-1/4 cubic yard shovel digzing loose gravel 


which he 


wishes to serve with trucks. His round-trip haul is 1,500 feet, 


and road conditions are such that his trucks can average 15 miles per hour 
while running. It is further assumed.that the trucks will lose 10 vercent of 
their available hauling time for various ceuses and that they will require l 
minute to becx and dump at the plant, | 
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From table 9 in nert 1 of this vaner it is found that the maximum vorking 
ceavacity of 1-1/4-cubic yard shovel is 206 tons per hour. 


The loadins speed of tne snovel is then 


20 
= 0.291 minvte per ton. 


206 


Assuming the gravel weighs 4,000 pounds per cubic yard, each bucket rill 
deliver 1.&€75 tons. A 5-cubic yard truck will carry 7.5 tons and will be 
loaded by 4 dipner loads. (Variation in dipper loading is accounted for in 
ar a snovel working cavacity, hence eech dimer is here calculated as 
full. 


The time recuired to losd one truck will then be 
0.29). x 7.5 = 2.15 minutes. 


Since 15 miles ver hourequals 1,320 feet per minute, the running time of 
the truck will then be 


1500 ro, 
= 1.130 minutes. 


1320 


The truck cycle, exclusive of lost time, vill be es follows: 


7 4 Minutes 
Loading--------~---------- 2.18 
Waitins at snovel--------- 2.18 
Running------------------- 1.136 
Dumping~-----------------= 1,00 

Total---~--~-----------+-- 6.496 


Since it wos assumed that there would be a '9—percent loss of time for 
various causes this 6.496 minutes revresents °0 percent of the actual cycle: 
hence tne actual cycle equals 


6.4c6 


009 


= 7.218 minutes. 


The standstill time vlus lost time of the truck per trip is then 


7021S ~ 1.135 = 6,082 minutes. 
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Substituting in the formula, 


L T 1500 6.082 
N = + ae a a A ee SS 
Smt mt 1329 x 105 x 0.291 105 x 0.201 
0.52 + 2.79 = 3.31 trucks. 
To check: Minutes _ 
: Loading time ---------- 2e18 
Waiting time ~--------- 2el8 
Running time ---------- 1.136 
Dumping time ---------- 1.00 
Lost time ------------- .722 
Total cycle ----~---~-7.218 
00. 2 Se3l trivs ver truck per hour; 
{eeld 


@.31 x 7.5 = 62.3 tons ver truck per hour: and 


206 
62.3 


= 3.31 trucys required. 


With such a short haul it.is doubtful if the wait at the shovel need 
be as great as is assumed in this case, and probably 3 trucks would be suf- 
ficient, in continuous op*ration, especially as the maximum loading capacity 
of the shovel was used in the computation. Howevar, trucks, like all other 
kinds of machinery, wear out and require repairs, hence an extra truck as 
standby equipment is indicated, meking |} trucks. 


Examodle 10 


Assume that vit conditions are the same as in example 6 under car and 
locomotive haulage in part 4 of this vaper and that it is desired to sub-~ 
stitute truck haulage for the locomotive heulage calculated there, 


With the same haulege route the total round-trip haulage distance will 
be 8,300 feet. At an average truck sveed of 15 miles ver hour the speed per 
minute is 1,320 feet. The two 1-1/2 cubic yard shovels will have a com 
bined maximum working capacity of 530 tons, hourly and-a minimum of 280 tons 
In comouting locomotive haulage, hovevsr, the average wes used, or LOO tons 
hourly, so the same loading rate will be used here. The combined rate is then 
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ion = 0.15 minute per ton. 


However, the two shovels cennot load the same truck at the same time, 
hence the loading rate ner shovel must be usede Thus, 


A0 


550. ~C«* QO.5 minute ver ton. 


It is assumed that each truck can haul a pay load of 5 cubic yards or 
9 tonse Then, 


Minutes 
Loading time for each 
truck, 2 x 0.3 -----------~-------- Cel 
Weiting time ----------------------- oof 
Running tine, 61320 s-se-sesececneeds 6.22 
326 
Dimping time ------------------------ _1.09 
Onerating time --~------------------ 12.09 
Lost time (1/2) -------------------- 1.41 
Total cvcle --------------------- 1.10 


The standstill plus lost time will then be 
14,1 - 6.29 = 7.81 minutes. 


Substituting in the formula, 


i Se ete OOO a at et PO se ae. ee “ie Resaise 
1320 x9 x 0.3 . 9x0. = 2033 42.89 = 5e22 trucks 


reauired for each shovel or, sey, 12 trucks in continuous operatione 


To check: 
Truck cycle = 14.1 minutes: 
an = 4.25 trips per hour per truck; 
425 x 9 = 38.3 tons ver hour ver truck; 
400 = 10.44 trucks reauired. 
SE 05 
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If 12 trucks ere used the canacity of the haulrvze unit rould be 2,750 
tons in 6 hours or 300 tons more than the 2,450 required. 


CONVEYCR-BELT HAULAGE 


Belts have been used for vears as a means of conveyance between plant 
unite within a single structure, between plant buildings, or between other 
fixed points. The introcuction of the trinoer and the shuttle conveyor 
vermitted collection from, or discharge to, more than one point by a single 
belt. The various voints, however, were invariably in a straight line coin- 
ciding with the axis of the belt. Application of sectionalized construction 
to conveyors increased flexibilitv but still confined operation to straight 
lines. The belt conveyor wes considerec permanent equinvrent, although it 
was capable of extension by the verious devices cited. With the introduction 
of light-weight, ecssily handled sections the delt conveyor forced its recog 
nition as a potential comnetitor for other tvoes of nit haulegs. It has been 
so used by a number of fravel-pit onsrators with successful results. 


The field conveyor is simnly an ordinary convevor redesigned along semni- 
portable lines and adavted to field use. The lord and return sections of the 
belt are carried on rigid structurel-steel or alloy frames built in unit 
sections designed for easy longitudinal extension or lateral movement. 

The belt itself is in easily connected lensths to fit the added sections. 


Field conveyors must still onerete in straitht lines, but flexibility 
is provided by section=lized units. They have been adapted to field haulage 
in various ways and to fulfilling various functions. They may constitute 
the sole connecting link between excavator and »lant. In so doing they 
may receive material from the excavator and deliver it direct to the treat- 
ment plant either above, below, or level with the vit floor. The conveyors 
must be of light weisht end sectionalized to »rovide facility of movement 
in following the progress of the excavator. The plan of excavation may re- 
quire the excavator to follow a circular or elliptical vath or to move in 
a straight line away fro: the plant. With a curved working fece the conveyor 
must be constructed in a single unit with one end staticnary at the dump and 
the other moving radially with the excavator, or it must comvrise two or more 
sections working together. 


Any pit with a curved working face depending uoon a single unit redial 
conveyor for haulage must soon cover such an extended area that it is un= 
economical to move the entire conveyor for each move of the excavator. If 
the plan of excavation extends in a straight line from the plant it is necessary 
merely to add successive sections to the conveyor to follow the excavator. 
However, even with such a vlan a distance will finally be reached where it is 
more economical to disvlace most of the sectionalized conveyor with permanert 
construction. With either excavation plan a point is reached at which part 
of the pit conveyor must be of permanent construction served by a shorter 
movable unit. 
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The short movable unit may be a sectionalized conveyor, or it may be 
an entirely different tyne of haulaze system, such as a fleet of motor trucks 
or cars and locomotives, or evén = »numo and oipe line. The belt conveyor 
then becomes a main heulsgeway fed by cne or sore flexible units. 


The sectionalized pit conveyor may be co arranged that it follows the 
excavator, taking material from it and delivering it to another tyne of 
main haulege. It then becomes the flexible feeder for a vermanent haulage 
system, such as an aerial tramway, or even a car and loconotive systems. 


The field conveyor may also be a nermanent structure betreen two fixed 
points in the pit; at one voint material is delivered to it from the exca~ 
vator by a more flexible type of haul-ge and at the other the conveyor 
discharges to a third tyne of haulage which in turn delivers to the plant. 
Such a scheme might include truck haulage fron the shovel to a centrally 
located conveyor rhich delivers to an engine plane for hoisting or lowering 
to the vlant.e | 


While the pit conveyor is restricted to straight-line delivery it is 
thus canable of considerable flexibility when used with other haulage systems. 


Pit conveyors are restricted to use in dry pits or bank devosits. They 
are not suitable for heulage from ret pvits unless some dewatering device is 
used. They are cavable of handling small or large tonnages and, when pro- 
perly installed, of delivering a continuous flow of material to the plant 
which is advantageous to efficient plant oneration. They require compara~ 
tively little nower, and as they are fully mechanized are practically auto~ 
matic in their operation. They require maintenance labor only, and when 
they ar: proverly installed and not overloaded operating costs are low. 
Initial end installation costs may be connaratively hizh, and the cost of 
moving and realining a long conveyor is exvensive. 


Structural Limitations 


Belt conveyors are endless belts running over sunnorting idlers and 
driven through are contact with one or more driven vulleys. The load is 
conveyed on the belt itself, hence the belt must be horizontal in cross- 
section if flat, or if troughed, the edges must be at the same elevation, 
otherwise the load will spill off the low side. In this position the belt 
is flexible vertically but not horizontally, hence while it can negotiate 
vertical curves it cannot operate around horizontal curves. Therefore belt 
ec ™veyors can carry loads on the level or um or down inclines, but they can- 
not deviate horizontally from a straight line between terminals. 


The belt may be flat or trough@d in cross-section, but, as a flat belt 
offers little resistance to snillege for particles of the load heaved on the 


center of the belt, troughed cross-sections are nreferred for sand and gravel 
transportation. Troushed belts heve about twice the capacity of flat belts 
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of eoual width and sveed. The shape of the troggh is governed by the vosi-~ 
tion of the idler rolls suvporting the belt and varies with the exverience 
of manufacturers: and operators. The suvporting idlers are constructed so 
that one or more level rolls carry the center of the belt, and the edges 
are raised to form the trouzh by means of one or more troughing rolls on 
each side which rotete around axles at an angle above the horizontal. The 
total troughing angle seldom exceeds 309. The full curvature may be ace 
complished in a single angle on each side, in which case the angle is usually 
20°, or partly in one roll set at a low angle and the balance by second or 
third rolls at higher angles. The usual arrangement is 15° on the first 
and 15° more on the second. The details of idler design are highly per~ 
fected, with many variations suited to the handling of different classes of 
material. If the troughing angle is too sharp, excessive strees and wear 
are out on the belt and it tends to crack at the line of bend; therefore, 
trouzhed belts must be thick enoush to prevent cracking and may require 
more vlies than flat belts. However, this is seldom the case; for example, 
a flat belt must be thick enough to prevent excessive sag between idlers. 
The design must be governed by local conditions. Table 53 gives the mini-~ 
mum and maximum plies required for troughed belts. 


TABLE 53.- Minimum and maximum plies for troughed belts 


‘Minimum plies required {| | 
to sunvort load Maximum vlies 
Boulders| | for troughing 


Belt width, 
inches 


h 
D 
> 
y) 
6 
6 
8 
z 
10 
12 


MQ RQANYNIHAKHIIWT 


NN OO FE ENN 


ODOWO RAR R~I~N™~ OVNOD 


L 


all ee 


While a certain amount of vertical curvature is vermissible in a con- 
veyor belt it should be kevt at a minimum and vermitted only through arcs 
of large radius. Conveyor belts when running are under a tension which 
varies with the lord. If a belt is running horizontally at the loading 
»oint and must then ascend a grade the change from the level to the in- 
clined section must be a curve of such radius that the weight of the emoty 
balt holds it on the rolls in svite of the tension required. The maximum 
adverse conditions requiring curves of the longest radius occur with con- 
veyors having a profile in which thera is a long level section carrying a 
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Figure 19.—Chart showing radius for vertical curves in conveyor belts for various belt weights and tensions. 
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heavy load, followed by a steep incline. The heavy load on the flat »ortion 
of the belt causes heavy tension, anda if the curve is too sharv the empty 
belt will be lifted off the trouzhing idlers at the curve. Determination 
of the exact curvature required for svecific conditions involves the use 

of convlicated mathematical solutions of catenary curves and is a function 
of convevor design that should be left to enzineers experienced alongs that 
line. Figures 19 shows the anpvroximate radius required for belts of various 
weights operating under various tensionse The radius should never be less 
than 150 feet. 


“he maximum angle of inclination over rhich a conveyor may operate suc- 
cessfully devends upon the ansle of renose of the material handled. It 
will vary with different kinds and sizes of »articles making up the load, 
being greater for fine pcwdcers, cubical cr rough-edged particles, and damp 
material and less for lumos, rounded pvarticles, and either thoroughly dry 
or very wet material. fhe following are maximum nermissible angles of in- 
terest.to the sand and gravel vroducer. 


Sand (damp)----- 20° Gravel, bank run (moist) ---20° 
Send (dry) ----- 15° Gravel, unscreened (dry) ---18° 
Gravel, screened (dry) ---15° 


Steeper angles have been employed under unusual conditions, but those 
given should not be exceeded ordinarily. Inclined conveyors should be vro~ 
vided with some means of preventing the belt fron running backward if acci- 
dentally stopned while under load. | 


The size of individual pieces which can be carried by a nit conveyor 
devends upon the width and inclination of the belt, the method of loading, 
ond whether lumms are screened or mixed with fine material. The range of 
meaximum—sized lumps screened or mixed vith finer material that can be car- 
ried for various widths of belt is shown in table 59. 


Field conveyors which must be snifted frequently require a level or 
smoothly inclined pit floor, otherwise inequalities must be’ graded or 
bridged to nvrovide a smooth running belt. Field-conveyors of more or less 
vermanent construction can be installed to snan existing hums or devressions 
in the floor which do not require excessive vertical curvature, as discussed 
previouslye | 
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___TABLE 59.— Recommended maximum size of lunns for belt-conveyor haulage 


Belt width, 


inches 


Lumms uniformly sized, 
inches 


no fines, 
1.5 = 
2.0 - 
2e5 a 
ae -- 
re) ~ 
U5 - 
4 id 
7 ‘i 
g _ 
10 - 
, 2B - 
12 


11 
oe 
16 


16 


—_— = = 


___feed, inches 


2.6 - 4 

205 e ui 

; = 5 

~ 6 

5 = 7 

6 - 10 

10 - 14 
12 ~ 18 
14 ~ 20 
16 - 24 
20 - 28 
=| - 30 


me we Fe ee 


Lumps in unsized 


The spacing of idler rolls devends uoon the weight per cubic foot of 
Table 60 shows the recom 


the material carried and the width of the belt. 
mended range. 


Width of belt, 


“We 
inches | 10 to ‘Ojo 


1/ Return rolls can be 8 


TABLE 60.~ Spacing for carrying rolls, feet1/ 


J--_-— -—— Bi, 1k 
to 75 

| 55I5.0 ~ 55 | 
: 525/500 - 505 
i et = Be 
1 500 = 5514.5 = 505 
| ‘ie - 505 {65 — 5.5 
poeb + Babe, Gab 
14.0 - 5+0)4.0 - 5.0 
4,0 - p2013+5 - age 
| WoO - 4.5/3.5 - 4.5 
| 305 — 4013.5 - 4.0 
1 3.5 ~ 4,013.5 ~ 4.0 
325 - 4.0!3.5 - ae 


a 


6” 


NAY OMNUWVI OU 
l 


WI 
1 


WI OT 1 O01 


MMWWAA Pee 


eee eee ee 


(0 10 nord apart. 


WI 


eiant of material, po ounds - 
_ (5 to 120. 


WISI) QUI © Od ao 2 


ner cubic foot 


120 to 150 


4.5 -— 5.0 
Web - 4675 
U5 _ 4.75 
4.O - 4.75 
4.0 = 4.75 
305 - 4.75 
3.5 - 4.25 
3.0 ~ 4.25 
pa * 3619 
3.0 = 365 
ee) + 355 
2.0 _ bi) 


Conveyor belts are built uv of e@ number of thicknesses or "plies" of 


canvas or "duck", impregnated and covered vith rubber. 


The maximum length 


of the conveyor denends upon the strength of the belt or its resistance to 
tension, which in turn devends on the number of vlies used in its construction 


end the weight of the duck. 
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weight, in ounces ver yard, of material 42 inches vide. Canvas of this 
width commonly used for conveyor-belt construction weighs 28, 32, and 36 
ounces ver yard; 42-ounce duck is sometimes used for extra~heavy belt. The 
permissible working stress for each ply per inch of belt width, as recom- 
mended by manufacturers, is given in table 61. 


TABLE 61.—- Maximum vorking stress per ply, ver inch of belt width 


Weight of duck, ounces Working stress, unas 
28 20 = 25 
32 23 ~ 28 
ps 25 = 30 
2 35 ~ ho 


1/ The reason for tatilating a range of working stress is due 
to its application. The stress apnlied by counterweights can 
be definitely controlled and, hence, kept to a minimm. If 
screw take-ups are used it is difficult to measure and control ° 
the stress, hence stronger belts are needed. 


The tensional strength of a conveyor belt is therefore proportional tea 
the number of plies of duck used in its construction. This strength cannat 
be built up indefinitely, however, simply by the addition of extra plies 
without other complications being encountered. Additional thickness stif~ 
fens a belt and reduces its flexibility for troughing and bending around 
drive pulleys. The maximum plies permissible for prover troughing flexi- 
bility were given in table 58. Table 62 gives the minimum recommended pul- 
Ley diameters for various numbers of plies. 


TABLE 62.- Minimum pulley diemeters, in inches 


Number of plies | Head and drive pulley | Tail, take-up, and snub pul leya 
Ae eS a RN eee ene en See eee Eulere: wee he eee SSE ECM onan 
5 | 15 | 10 
| 20 12 
5 | o4 16 
6 30 18 
7 6 20 
8 2 ay 
9 ug 2g 
10 54 30 
12 54 
12 ! 


36 
69 6 
1 O 2 
1 {2 
V/ Bend pulleys may be & to 15 inches in diame er for any number of plies be~ 


cause of the small arc of contact. 
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The number of plies contzined in standard ccnveyor belts, as listed in 
manufacturers! catalogs, is given in table 03. 


TABLE 63.- Number of plies of duck in stendard conveyor belts 


A ee ee oe eR + oe 


Width of belt,| ‘Plies __—s'~—s Width of velt, _- Plies 


inches — 7 Minimum, Maximum ; inches /Yinimum: Maximum 
——--++ SE eee ene Ne Be Pea mee Ee aie est eae eS rears ate is Caan eaee eee 
12 | 3 bo 30 / 5 | 8 
14 oe ge | 6 5 | 9 
16 | 5, a 2 “6 a a6 
18 | co iG: ok 4g 6 | 11 
20 1 be | 6 | 5 tf oe ws 
a eo a 69 7 fad 
a re a ee 


The speed at which a conveyor belt travels should devend uvon the load 
it carries. Generally, it should be as. slow as nossible consistent with 
uniform maximum loadinz. If a belt is underloaded the lond will be carried 
in the middle, and the center will wear out faster. If the load carried by 
a belt alreedy instelled is less than its cavacity at the operating speed 
used the speed snculd be reduced. Reco~~ended maximum sveeds are given in 
table 54, 


TABLE 64.- Maximum recommended speeds, feet ver minute 


Ce ee en ee er ee 
‘ 


ee mm ne ge ee meee ee eee a RD ee ee = 
’ 


Belt width, Speed of general- | Speed of belts for 
inches | purpose belts  —s_—s abrasive materials 
) : ae 
12 - | 300 | 250 
14 | 300 | 250 
16 ! 309 : 250 
18 | — 350 ~ hoo | 309 
20 | 350 = 4oo | 309 
ou | 99 = 500 | 350 
30 | U5O - 509 | 50 
35 - ho ~ ug | 509 - 600 09 
5u ~ 60 | 600 | 409 
l 


‘ 
ee sei Set Oe ae ts es ee er et By ——ee 


Convexvor belts of the sane specifications made by various menufacturers 
will var:y somewhat in unit weisht, but the difference will be smell. The 
average unit weight ver pli, exclusive of rubber covers, may be calculated 
as follows. 


a ome eee See 


_ Weight “per nly v ver. ‘inch of | vridth ‘per. er linear foct 


2 ee ee ee 


___ Duck oe eee 4:3 OZ. : ; 32 ‘sae Gea ie OZe mf et hia OZ. 
Pounds  _|  G.021 | 9,004 | 0.087 ee 
3607 a VO 
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The rubber cover on the losd-carrying side of the belt ranges in thick- 
ness by sixteenthe from 1/16 to 1/4 inch. That on the pulley side is usually 
not over 1/22 inch thick but may be 1/16 or even 1/8 inch for severe services 
The weight of the rubber coverings may be celculated as 0.013 vound ver 1/32 
inch of thickness per inch of width per linear foot. 


A 5-ply, 30-inch conveyor belt of 23-ounce duck having a 1/8-inch load 
cover and a 1/32=inch pulley cover rould then weigh apwroximnately 


Pounds ner foot 


5 x Be: x ,O21 = 3015 
5 x 30x .01g e 2.79 
5 +85 


Service Bauinvent Reauired 


The only way in which the load carried cen cause wear on a conveyor 
belt is throuzh abrasion, and abrasion reouires motion. If an object car- 
ried by a conveyor does not chanre its position with resvect to the belt 
while in transit it causes no weer. The field conveyor should be designed 
to carry its lond with the least chanze of load position while in transit. 
For this reason the method of loading a conveyor belt has a direct bearing 
upon the life of the belt. Field conveyors should never be loaded directly 
by mechanical excavatorse When they are so loaded the gravel is moving 
vertically downward when it strikes the belt. The belt must convert this 
Cownward motion to one coinciding with its own line of travel. This requires 
time, during which the gravel is changing its vnosition on the belt and causing 
abrasione The motion due to imact also causes abrasion. In addition, 
mechanical excavators deliver meterial in batches which, if loaded directly, 
would cause concentrated loads at irreguler intervals on the belt, resulting 
in a constant shiftinz of nosition of the loed as it passed over each idler 
and excessive stresses in the belt. To obviate intermittent loading a 
yvortable hovper is usually set un over the belt into which the excavator 
drops its load. It may be simply a wooden or steel box with sloving sides, 
terminating in a chute over the conveyor. Such a hooper is usually an in- 
dependent unit and is nicked un end moved ahead by the excavator. The hooper 
may be part and built integrally vith the end section of the conveyor. The 
type used ordinarily denends woon locel conditions. Rezardless of type, the 
design should be such as vill convert thea batch loading of the excavator to 
a regular and continuous feed tc the belt. 


The feed to the belt although continuous may be irresular if uncontrolled, 
hence the feed from the honner must be controlled at all times. If the gravel 
is dry, free from lumps of cley, and graded in size so as to vermit it to 
run freely then the simplest type of control is a chute closed by a sliding 
gate operated by rack and pinione The gate can then be set at an ovening that 
will permit the passage of gravel at the required rate to the belt. 
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If the grevel is not free-running, owing to contained moisture, clay, 
or boulders, the gate-controlled chute is not a very satisfactory feeder 
because of the tendency of the material to stick in the onening. If the 
narrowest pvart of the chute can be made three times the size of the average 
boulders little trcuble should be exrerienced from chokinzs. With sticky 
cley the size of the onening maxes little cifference, as the clay will stick 
and cause trouble anvwav, Often, a small streom of water played on the 
chete facilitates movement of sticky srevele 


If the grevel is free from clay but contains considerable coarse materia! 
or boulders it is a food nlan to econstrvct the bottom of the chute of wire 
screen or grizzly bars. This parmits the sand and fine grevel to drop 
through ahead of the coarse m-terial and form ea cushion on the belt, thus 
recucing ths impact when bculders are received. Screens or peieelies are 
not very satisfactory if the gravel contains clay because of its tendency 
to stov the onenings 


Where chutes and gates do not afford good feed control some form of 
mechanical feeder should be instelled. There are several tyoes available, 
among which are the avron feeder, the recivrocating feeder, and the rotary 
or barrel feeder. The avron feeder (fig. 20) mav bx a short length of con- 
veyor belt taking materiel from the chute and delivering it to the conveyor, 
or it may be built of steel] with interlocking pans. The reciprocating 
feeder (fig. 21) is driven by one or more eccentrics. The carrying floor 
of the feeder may be horizontal or on an angle, as shown. It may be built 
of a single flat plate cr ccreen, or it may be mada of grizzly bars, each 
of which is set differently on the eccentric. If a screen or grizzly is 
.used the conveyor extends bacx, as shown by dotted lines, and the fines 
fall through the fecsaer to form a cushicn for the boulders. The roll or 
barrel. feeder (fig. 22) is sirmly a cast-iren or steel cylinder revolving 
below the chute onening. All feeders obtsin their material from an adjustatle 
ovening in the hovper bottom. Skirt boerds should always be provided to pre- 
vent spillags as the gravel falls to the belt. 


Conveyor idlers should nevar.be vlaced where the falling naterial 
strikes the belt. By directing the loedirg to a point between rolls the im 
vact is absorbed by the flexibility of the belt, and less abrasion occurs. 


Irresnective of ths tyne of feeder used the feed should be directed 650 
that it moves in the same direction as the belt and at abcut the same sveed. 
This is not always possible, but the closer the delivery approaches these 
ideal conditions the less ebrasion there will be due to impact end sub- 
sequent movenent on the belt. 


Canacity 
The cavacity of a field convevor devends upon the method of loadinsz, the 
cross-sectional eree of the losad, the width end sneed of the belt, and the 
weicht ver cubic foot of the material hancled. If the loed:ng method is 
inadequate to furnish the maximim cross-sectional area the belt can carry, 
or does not svuply a uniform flow of material to the belt, the ecanacity is 
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Figure 20.— Apron feeder. 
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Figure 22.~ Roll or barrel feeder. 


Figure 23.— Cross-sectional area of load. 
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corresnvondingly reduced. Therefore, the method of loading requires as care~ 
ful consideration in calculating canacity as in calculating its effect uvon 
the life of the belt. If the loading device cannot suonly the maximum load 
vhich the belt width and sveed allov, then the speed of the conveyor should 
be reducede In the following discussion of conveyor crpnacities it is as- 
sumed that the design of the loading device is adequate for maximum belt 
canacitye 


The trouzh or cross-sectional shape of the belt has a direct bearing on 
its haulage capacity. Flat belts have only about helf the capacity of vro- 
overly trouzthed belts. The proper trough shave denends unon the width and 
construction of the belt, the tyne of material carried, and the size, shane, 
and gradation of the individuel varticles. Hence, vrover troushing depends 
unon the factors involved in each belt installation. 


A field conveyor handling bank~run send and gravel carries most of the 
load on the center of the belt. Theoretically, a belt can carry a load the 
cross-section of which coincides with the shape of the belt on the bottom 
and slopes uoward and inward from each edge on an angle equivalent to the 
angle of revose of the gravel. Practically, the load never extends to the 
extreme edge of the belt, excent when it is overloaded, and the uyper part of 
the cross-section has a rounded perimeter due to settiing as the belt passes 
over the idlers. The maximum cross—sectional area will thus devend upon the 
ohysical characteristics of the losd itself, as well as unmon the shape of 
the trough.. For this reason the cavawity of a belt may change from day to 
day as the physical characteristics of the gravel change in the working 
face of the pite Wet weather mey increase the moisture content of the gravel 
and cause it to build uv higher on the belt. If the gravel is too wet this 
effect may be reversed, the load slumping to the edges. A change in the ratio 
of coarse to fine material in the feed is also reflected in the shape of the 
loade 


Figure 23 shows the cross-section of a loaded conveyor belt. The area 
XYZD represents the theoretical load, imnossible to reach because of settling 
and spillage. Area AMCD represents the section when first placed on the belt; 
this settles to area ABCD. The lateral ansles will of course vary for dif- 
ferent classes of materiale A common method of calculating the average cross- 
sectional area of the load is to let the quadrangle ABCD (dotted lines) repre- 
sent that area. The length AC is assumed as 0.8 the width of the belt and 
BD as 0.2 the width. If Wis tha width of the belt, th= area is 


0.68 Zot = @) e ose e 


The maximum capacity, in cubic feet of material, may then be computed by 
the following fornula. 


= 0-08f° x § x 60 
Ly 
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in which 
L = the cubic feet of loac ver hour; 
W = the width of the belt, in inches; 
S = the sveed of the belt, in feat ner ninute. 


At a sveed of 100 feet ver minute the maximum cavacity of the conveyor 
is then 


eS W" cubic feet oer hour. 


This formula is predicated uoon the assumption that the cross-sectional 
area of the load varies directly rith the square of the width of the belt. 
However, exneriments heve shown thet with the same type of material the load 
can be svread relatively closer to the edges on a wide than on a narrow belt. 
Therefore, the square of the belt width must be multiplied by a factpr which 
varies with the width of the belt. This factor has been shown empirically 
to range from 3.2 for a 12-inch belt to 4.0 for a 60-inch belt, assuming a 
belt speed of 100 fset ver minute. 


If this factor is designated as K, table 65 gives its ‘lua for beits 
from 12 to 60 inches wide in increments of 2 inches. 


TABLE O5 e= Values of K for various belt widths | 


lan tl lth oataliaaeaea ree tltl Ci caes en a ae , 
Belt | | Belt | tt Belt Belt | | Beit 
width, | K width,! K || width, | width, K | width, ; K 
inches | inches inches | inches | 


32 3053) : 3.87 
34 | 3657 54 | 3490 
36 3250 56 | 3493 
he 3.63 58 ' OT 

3.57 | 60 | 4.00 


The maximum belt capacity may be obtained from the folloving formula, 


re ee wex Sx M, 


200,000 

in which 

C = the capacity, in tons ver hour; 

K = the factor of load cross-section; 

W = the width of the belt, in inches; 

S = the sveed of the belt, in feet per minute; 

M = the weight of the load ner cubic foot, in vounds 
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Sand and gravel ranges in weight from.2,200 to %,2UO nounds per cubic 
yard, (107.4 to 120 nounls per cubic foot). Table 65 gives the range in 
maximum cavncity, in tons per hour, for belts cf various widths operating at 
a speed of 100 feet ver minute and carrvineg materials of different weights 
p2r cubic foot. Teble 06, A, gives the maximum capacity of belts of various 
widths handling sand and grevel at various sneedse | 


TABLE 60.— Maximum conveyor-belt canacities, in tons per hour at 


a 
a eee | ee RS a ee ee 


Serge fo aes nn ne ee ee re ee 


Belt width, | Factor | Weight of material, pounds per cubic foot 


inches K , 100 ; 107.4 {220 ; 115 | 120 
swunineelfeccasifcncdonartonchorscaifointsosdles lohesisee 


1 
‘ 
! 
‘ ¢ . 
—— +4 es eee Ba 8 pe ee ee ete a ek, Se pelea) 
' 


12 | 3.2 | 230°" “BAT 25.3 | 26.05 : 27.6 
14 3.23 | $16 So | Size | 36.4 | 3820 
16 | 3027 ! 41.9 ! 45.0 5.0 | Ug. : 50.2 
1g | 3430 53.4 57.4 | 58.5 61.5 64.2 
20 3.33 | 506 : 71.5 | 7303 | 7500 : 80.0 
oy 3.40 | 23.0 : 105 | 108 112 118 
30 | 3.50 | 157 | 169 1 6, el ae ea ‘ 189 
35 3060 | 233 | 251 | 257 268 : 280 
bo 3.70 | 3e7 | 360 | 359 | 375 1392 
Lig 3.50 433 h70 go 504 | 525 
5u | 3,90 | 568 : 619 626 654 a 682 
60 | 4.00 720 ! 774 : 792 | S28 ; 5 
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The caracities shorn in the tables are based on tne following assumptions: 
(1) The loading facilities are adequate to deliver the lord to the belt rt 
its maximum carrying rate; (2) the size gradation of the gravel is suitable 
for the vidth, sneed, aad inclination of the belt; (3) the aprlied vower is 
amnle; (4) the conveyor construction is such as to give the orover trough 
shane for the gravel handled; end (};) the belt has sufficient strength to 
withstand the stresses set up. 


It must also be remembered that the capacities in table 66 are the 
averaces maximum for a belt svved of 100 feet ner minute. For belts running 
at greater speeds the figures should be multinlied by the sveed in hundreds 
of feet per minute. 


The average working canccities vill always be less than the tabulated 
fisures because of imperfect loadinz and delavs. 


If the grovel ccontrins a iarge vercentsBe of boulders, their size fixes 
the width of the belt ‘see table £3), =nd the sveed should be as slow as 
vossible to give the required covacity. 


With a high ratio of sand anc fine grovel the cavacity fixes the belt 
width, but here agein the eneed should be as slor as vossibls. 


A slow-speed belt will carry a deener load than a highesveed one. 


Averege workine canecities probably wiil not exceed 75 vercent of the 
calculated maxinum rate. | 


Porer 


The power used to operst2 a conveyor belt may be taken from any type of 
prime mover, such as a stern or commressed=air engine; gasoline, Diesel, or 
electric motor; or a line shaft. Field converors, as commonly installed, are 
overated throush sneed reducers from electric motorse Speed ma; be reduced 
through belts and onvileys, g2ers, rove drives, or chain and sprockets. En- 
closed gesred speed reducers are usually emoloyed on fiela conveyors. 


The power may be an»mlied.to the belt et the head pulley, at the tail 
pulley, or at any convenient intermediate pointe Yield conveyors are com 
monly driven from the discharge or head nulley and less often from the tail 
vulley, and where high belt tension is necessary the drive is usually inde- 
pendent of the conveyor terminal oulleys.. 


The vower reauired to drive = belt conveyor denends uvon the total 
weight moved, the frictional resistance to novement, and the height through 
which the vay load is elevated. 


The total weight moved is the sum of the weights of the pay load, the 
belt itself, the roving varts of the suonvorting rolls, and all terminal, ten- 
sion, and drive pulleys. The weight of the pay load devends unon its average 
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cross~-seeticnal area, its reight ver cubic foot, and the length of the con- 
veyor. The weight of the belt depnends upon its width, length, the number o: 
plies of duck, and the thickness of its rubber cover. The weight of the 
verious pulleys depends on their size and the material of which they are bui::, 
The weight of the supvorting rolls devends on the material of which they are 
constructed (steel tubing or cast iron) and their spnacinz along the conveyor. 


The frictional resistance devends uvon the tyne of bearings used in the 
several pulleys and rolls. This ranges fron a simple shaft and pillow blocx 
through various tynes of roller or ball bearings to the latest tyoe of im 
oroved antifriction construction. The frictional resistance depends also 
uoon the type of lubricent used end the efficiency of apnvlication. Accurate 
calculation, besed on a careful analysis of weight and friction coefficients, 
may be entirely erroneous in oractical eovdlicetion if the lubrication is 


The calcudation of pover required to elevate the pay load involves mereiy 
the weight lifted and the elevation. Sometimes calculation of this part of 
the power required may involve a vercentaze of the weight of the belt on the 
inclined portion of the conveyor, but the effect is so small that it is 
usually neglected. 


_ If the conveyor operates on a descending rather than an ascending grade, 
the power developed by the load moving down~grade must be deducted from that 
required to move the loed and overcome friction. If the nower so generated 
is more than that required to move the load and overcome friction, sore 
braking or hold-bacix device must be aynlied to ecntrol the belt sveed. 


In calculating the power required to move the belt it is customary to 
assume that the belt. is uniformly loaded to its maximum average canacity. 
While it is true that in practical operation few belts are so loaded con-= 
tinuously the installed power must te sufficient to provide for such con- 
ditionae 


_ From the preceding discussion it is evident that an accurate computation 
of vower requirements can be made only when all the fects are known, and ther 
only as they affect each installation. Conveyor~belt manufacturers use varicus 
formulas for computation of the required power. If a given set of overating 
conditions is assumed the power requirements calculated from the formulas may 
vary as much as 10 vercent, probably owing to the variation in the values as- 
signed to ths average weight cf the moving parts, the coefficient of friction, 
and the weight of the belt itself. | 


Calculation of nower requirements by formulas must then be considered 
approximate rather than exact, unless all factors are accurately known. For 
this reason the author prefers to establish the minimum and maximum limits 
for variable factors, from which can be determined the minimum and maximum 
limits of the reauired power. 
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The range in weight of the noving verts of belt conveyors, calculated 


per foot of conweyor length and including 2 feet of belt, has been abstracted 
from manufacturers! catalogs and is shorn in table 67% 


Belt width, 
inches 


For plain greesed bearings 


meee 


— 


| 
| 
| 
| 
| 
| 
| 
| 


6 ee eee 


—-_- —- +h 


ts, including 2 feet of belt 


Weizht per foot of conveyor, pounds 


Minimum Maximum 
12 15 
15 17 
a7 20 
a | oy 
21 28 
25 35 

2 L7 
0 63 
49 | 75 
59 91 
59 | 107 
31 | 125 


—— 1 = -——— 


eee 


For average antifriction bearings 
For imoroved antifriction bearings 


computed from the cavacities given in table 66. 
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The factors of frictional resistance, ag determined emnirically for 
conveyor belts, are as follovs: 


Table 68 shows the weight of the average maximum load ver foot of conveyor, 


TABLE 68.- note oe of loed ver foot of Ponvey its DONS eonece 


mane 


Belt pigkh: 
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The power required devends directly unon the force or pull necessary 
to move the belt and its load. This null may be divided into three components: 


(1.) That necessary to move the emmty belt horizontally; 
(2.) that necesssry to move the load horizontrlly; and 
(3.) . thet necessary to move the lord verticslly. 


For extreme accuracy a fourth commonent should be considered, namely, 
that necessary to raise the enpty belt on the inclined portion of the con-~ 
veyor, but this is small end is customarily omitted. 


The horizontal pull recuired is comouted by multivlying the total weight 
moved by the friction factor as follows: 


nP = WxLxF, 
in which 
| horizontal null, in nounds; 
total weight ver foot of conveyor, in pounds; 
length of the conveyor, in feat; 
factor of frictional resistance. 


er ae Dy 


nou ue tl 


Then 
W-=-we+ om 

in which 

the reight of load per foot of conveyor (table 68), and 

the weight of moving verts ver foot of conveyor (table £7), 


Bq 


The vertical pull required by the load on 1 fhot of the conveyor is 
found by multiplying its weignt by the verticxl distance through which it 
movese ‘Thus 


vP = ¥H, 
in which 
vP = the vertical null required to move the load carried 
on 1 foot of the conveyor, pounds; and 
H = the vertical distance the load is elevated, feet, 


The totel pull reaquirec to overete the conveyor denends upon whether the 
conveyor is level, elevates the load, or lowers the load. 


Total pull P = hP for horizontal conveyors. 


Total pull P 


hP + vwP for eleveting conveyors. 


I 


Total pull P = hP ~ wP for lowering conveyors. 


The power required may be found from the formula 


Pxs_, 


33 5000 
in which 
HP = theoretical horsepower; 
P = total pull required, pounds; 
S = speed of the conveyor, feet ver minute. 
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Exanrle ll 
What horsevower would be required to operate a belt conveyor 36 inches 
wide and 500 feet leng, using average antifriction bearings, running .300 
feet per minute, and carrying sand and gravel weighing 110 pounds ver cubic 


foot up an incline with a total elevation of 50 feet? 


From table 67 the weizht (m) of the moving parts may range from 40 to 
63 pounds per foot. The weight is assumed as 50 pounds. 


From table 68 the weight (w) of the load is 85.7 pounds rer foote 


Then 
W= 85.7 + 50 = 135-7 pounds. 
Moreover, 
| Pounds 

hP = WxLx F = 135.7 x 500 x 0.04 = 2,714 

vP = wH = 85.7 x 50 = 4,285 

P = : 79929 
Then : 

33,000 


If the conveyor had been level the power required would be 


2,714 x 300_ | | 
33,000 ee 


If the ccnveyor lowered the erevel 50 feet the power required would be 
negative, or the power developed would be 


(4,285 = 2,714) x 300. _ 14,3 mp, 


33 5000 


These calculations do not include the power required to overcome friction 
in the driving mechanism. For enclosed-geared speed reducers and for each 
reduction by cut gears or belt and pulley 5 vercent should be added for hori-~ 
zontal cr elevating conveyors and subtracted for lowering conveyors. In addi-~ 
tion, lO percent should be added for surplus power to take care of temnorary 
overload in determining the brake horsepower of the mctor for the horizontal 
or elevating conveyor and subtracted for the lowering conveyor. 


Belt Ply 


_ The pull necessary to move the belt and its load horizontally, plus the 
pull necessary to elevate the load, constitute the "effective" pull or tension 
required to operate a belt conveyor. However, they do not equal the total 
tension that the belt must withstend. A conveyor belt may be visualized as 
reacting the same as any belt used to transmit power. If the belt is merely 
laid over the drive pulley without tightening, the pulley will revolve and 
slip beneath the belt without moving it. If the ttwo ends of the belt are 
fastened together around another pulley and the belt is tightened, the belt 
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will revolve with the drive pulley due to the friction between the belt 

and the face of the nulley. As the tension on the belt is increased the vul- 
ley friction increases and the belt*s canacitv to transmit vover also in- 
creeses. This tension, called "initial tension", is necessary befor® motion 
takes place in the belt end is independent of the tension necessary to move 

or elevate the load. However, increasing pullev friction by belt tension - 
alene may set up undue stresses in the belt itself, and the tension must be 
limited by the strength of the belt which devends on the number of vlies cf 
duck it contains. 


Pulley friction may be increased in two ways without increasing belt 
tension; (1) By increasing the arc of contact between drive pulley and belt 
and (2) by lagging the face of the drive vulley with rubber er some other 
material of a greater friction coefficient vith the belt than the bare nulley 
face. Thus, an increase in rulle~ friction by either or both methods will 
permit avolication of more vcwer vithout any increase in belt tension. This 
is an important factor in belt-conveyor design, since the construction of the 
belt and its ability to transmit »vower will denend unon the tyne of drive 
usede 


Single, unlagged pulleys used without snubbers afford an are of contact 
of only 180° and a minimum of friction. By using snubber »ulleys the arc 
may be increased to alio?, Double-pulley or tandem drive affords an arc of 
contact of 360°, which may be increased to 430° or more by the use of snub- 
bers. The friction in both tyres of drive may be increased by lagging the 
pulley faces. 


The use of both tanden drives and snubber »nulleys, however, flexes the 
belt in onposite directions, and the belt wravs around the second pulley with 
its load-carrying side in contact. This increases. internal stress due to 
flexure and vrovides a cnance for excessive abrasion from fine particles 
clinging to the belt and beinz ground against the pulley face. Abrasion is 
reduced if the pulleys are lagged. 


Other types of drive have been develoved for convevor belts but those 
mentioned are in most common use. 


The total tension to which a conveyor belt is subjected is then 


T = FP + §, 
in which 
total belt tension, ctounds; 
total belt pull cr effective tension, pounds; 


T 
P 
S = tightening or sleck-side tension. 


The value of S, or the slack-side tension in the belt, is produced by a 
counterweighted take-uv device or by a screw take-up and is usually revresentec 
by a nercentage of the effective tension, P; it depends uoon the are of contact 
with the drive oulleys and the coefficient of friction for bare or lagged 
pulleys. 
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With a screw take-up for apolyiag tension there is no way of measuring 


accurately the tension anvlied, whereas with a counterweizhted take-up the 


tension can tbe controlled bx the weizht. 


Table 69 gives the averaze slack-sice tension for counterweigshted 
take-up drives in vercentace of effective tension or belt null. 


TABLE 69.~ Average sleck-side tension in vercentage 
of effective tension 


perie _____ Counterweighted_take-un 


Arc of contact, “Bare pulleys, ‘bagged pulleys, 
degrees percent percent 
a ae ear LEE eae oe 
180 ! 100 52 
elo | 70 | LO 
20 | 54 | 32 
360 26 13 
420 | 20 ! 9 
4g0 16 6 


SS ES eS ED ee = ee ee Ee on: «| ee ee ee 


From the values «iven in table 5° for slack-side tension, S, and the 


working stress of belt plies in table 61, the necessary number of plies and 


weight of duck can be computed by the following fornula. 


PD = T » 
WX 
in which 
PD = number of plies of duck; 
T = total belt tension, in pounds; 
W = width of belt, in inches; 
X = ply~inch working stress of belt, in vounds. 
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Examsle 12 
In example 1] the effective tension or belt pull was calculated te be 
6,999 pounds. With apolication of a single, bare, unsnudbed head~nulley 
drive the total belt tension vould be 
T=P+S§=5 + (1.09 x 6,999) = 13,98 pounds. 


Using 2% ounce duck with a maximun pty~inch stress of 25 pounds, the 
number of plies required would de 


13,008 | 
36 x25 rote 


From table 58 the maximum number of plies vermissible for vroper 
troughing with a 36-inch belt was 9, hence sone other type of drive will be 
required. 


If a tandem drive is assumed with an arc of 420°, obtained by snubbing 
and lagged pulleys, the total tension will be 


T=P +S = 6,999 + (0.09 x 6,959) = 7,629 pounds. 


With 2&ounce duck at 25 pounds ply~inch stress the number of plies 
required would be 
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PUMPS AND PIPE LINES 


Centrifugal pumos are used at many plants to convey sand and gravel 
through pipe lines. The pump and its discharge line may constitute the sole _ 
method of transvortation, as in a dredge pump delivering direct to the treat- 
ment plant. It may be supnlementary to other means of transportation, as 
in trucks hauling from a dry. pit and dumping to a sump. from which the pump 
delivers the gravel to the plant. Another instance is conveyance from pit 
to sump by sluices supplemented by pumps from sump to plant. Conversely the 
pump and pipe line may comprise the vrimary means of transportation, supnle- 
mented by other types as in a dredge pump delivering to a dewatering bin on 
shore from which a conveyor belt takes the gravel to the plant. 


Pump and pipe line transvortation may be designed so that two or. more 
pumps operate in series in a single pipe line. The dredge pump in this case 
is supplemented by one or more booster numps in the discharge line. Under 
different conditions the dredge pump may discharge to sump or underwater 
storage and a second pump take material from there to the plant, thus cut- 
ting the haulage service into two or more independent units. A dragline, 
power scraper, or slackline cableway may be substituted for the last pump. 
Obviously, the centrifugal pump may be used in a number of ways. 


The selection of pumps for transvortation depends upon a number of fac- 
tors such as: (1) The quantity of material to be transported, (2) the 
presence of enough water as a transvorting medium, (3) the length of the 
haul, (4) the height to which the material must be elevated, (5) the physi- 
cal character of the gravel, (6) the nower required, and (7) the cost of 
installation. 3 


The quantity of material to be transported obviously governs the size 
of pump and pipe line. The movement of quantities in excess of a certain 
limit - determined by local conditions - results in excessive expense for 
Maintenance and power over that required for other haulage equipment, such 
as barges. 
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In handling sand and gravel through vipe lines the transporting medium 
is water. Under averate operating conditions the sand and gravel conveyed 
constitute 10 to 15 vercent by volume of the mixture pumned, the ba'ance 
being water, Sand and gravel contain voids or unfilled s»naces between par- 
ticles, The vercentage of voids varies with tne size gradation of the gravel 
and sand. When the mixture is moved by pumping these voids are filled with 
water, hence the actual. quantity of water vresent in a given volume is al-— 
ways greater than the commlementary percentage of sand and gravel. If sand 
and gravel are assumed to average 110 pounds per cubic foot loose measure 
and to contain 40 percent voids the relative quantities of water and gravel 
for various mixtures is as given in table 70. After the percentage of 
solids is once determined the water required as a vehicle can be read from 
the table, Correction should of course be made for variation in weight and 
void content of the gravel. When gravel is dredged from a running stream 
there is assurance of enough vehicular water. When it is dredged from an 
artificial pond in which the subsurface water movement is retarded additional 
water may be necessary from an indevendent source. Again, vumps handling 
material from a sump may require more water than enters the sumo witn the 
gravel, although ordinarily the feed to the »numo can. be made more uniform, 
resulting in a heavier percentage cf solids and Hequersne less water than 
in original pumping or sluicing 


The head against which the material must be pumped is affected by the 
length of the pine line and the height to which the material must be ele— 
vated. The length and diameter of the pipe determine the friction head, 
and the elevation determines the static head. 


The physical characteristics of the sand and gravel will affect the vump- 
ing operation in various ways, all of which, while evident, are difficult to 
evaluate accurately. Round particles create less internal pive friction than 
flat or sharp—edged particles; coarse gravel creates more friction than sand 
and requires a higher velocity of flows and increased vercentages of solids, 
either coarse or fine, increase’ friction and require greater velocity. The 
direct effect of these characteristics must be determined by trial or from 
the vast experience of the overator. 


The pover required is determined by the quantity pumped, the percentage 
of solids, the total pumping head, and the onerating characteristics of the 
pumde Power is probably the factor of greatest-economic importance in the 
selection of. a pumo and pipe lines as a means of transoortation, as is illus- 
trated in the following example? ey Snags 


Exemole 13 


' Tt’ is assumed an operator. is vumning a mixture containing 12 percent 
solids against a total head of 25 feet at the rate of 100 tons of sand and 
gravel per hour and wishes to increase the head to 100 feet and put the 
material directly to tne ton of his washing plant. 
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If the sand and gravel weigh 110 pounds per cubic foot the required 
quantity (100 tons ver hour) in cubic feet per minute will be 


100 x 2000 © 
“fx 110 ° or 30.3 cubie feet per minute. 


Fron table (04 3065 cubic feet of una and gravel at le vercent Seite 
will require 


12: 92.8 : : 30.3 : X = 234 cubic feet of water. 


Assuming 4O percent voids and allowing for the rater filling the voids 
the volume of mixture pumped per minute will be 


30.3 ~ WO x 30.5, ez = 250 cubic feet. 


The weight of the mixture per cubic Pet will be 
pounds 

30.3 cubic feet ef gravel at 110 sounds 955 
234 cubic feet of water at 62. 5 pounds 1 £25 
Total 2°. se 6 6 6 et ew wo we 17,952 


‘Then 
175258 


252 = 71, 3 eee ver cubic foot. 


The Piesnetienl or water horsepower reouired can be computed from 
the formula _ 


Hp =SWe 
32,000 : 
in which HP = the theoretical or water horsevower, 
Q = the quantity of mixture handled, in cubic feet ver minute ; 
W = the weight of the mixture per cubic foot; 
H = the tetal head, in feet. 


If there is no inerease in the length of the discharge pipe required 
by the increase in total head substitution in tne formula gives the follow- 
ing power requirements: 


an ehe x {1.3 x 25 


~ 33000 — noe fF, to pump the mixture against a 25efoot head. 
e5e x (1.5 x 100 : | by tey, Hae 
AP Se COE = 54.4, tor pump he mixture against a 100-foot head, 
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The motor rating in ¢ach case should te about double these figures. 
the operator will then be faced with the problem of changfine from a 30-to a 
110-he motor. He must evaluate this against the econcemics involved in de- 
watering his pump discharge and usins some other type of elevator to gain 
the added 75 feet of Elevation. Possibly a telt conveyor or a bucket eleva- 
tor would do the work with less then the 80 horsepower involved, On the 
Otner hand, he may be transporting water to the top of his plant for wash- 
ins purposes, 


It is interesting to note that if the gravel could be transported dry 
the power required would be only about 20 percent of that necessary to con- 
vey the mixture of gravel and weter. 


00.90 x 110 x 25 


= 2.0 HP to pump gravel only against e5-foot head. 
33000 pry Aor oe 


SOS RAO EI = 1061 HP to pump gravel only against 100-foot head. 


In other words, 80 percent of the power is used to transport the water. 


Besides these factors, others may influence the operator in choosing 
this type of transportation equipment. Many gravel deposits contain objection- 
able quantities of sticky clay, which must be removed to meet specifications 
for washed aggregates. The churning action given the material in its passage 
through pump and pipe line and the solvent effect of the water provide a 
very effective preliminary washins. In some instances no further wash water 
may be required. In others, further rinsing may be necessary, but less ad- 
ditional water will be needed than if the gravel had been delivered dry to 
the plant. 


Pumps and pipe lines share with sluices the advantage of being the 
only types of transportation which perform the dual function of washing and 
transportation. 


Thorough wetting of the sand and gravel particles before their delivery 
to the treatment plant facilitates treatment in the plant. Thoroughly wet 
material accompanied by a relatively large body of water requires less time 
in screening. The same plant fed by dry material must provide some method 
of wetting either on the initial screen or before the material reaches it. 


On the other hand, pump and pipe-line transportstion probably requires 
more water to be handled than would be needed for washing only. Welch?/ es- 
timates the average water requirement for washing in gravel plants asl gal- 
lon per minute per cubic yard per 10 hours of plant capacity but adds that 
more water is better. A study of a number of plants by the author reveals 
that the ratio of sand and gravel to water for washing ranzes from 1 ton of 
sand and gravel to 1.2 to 4.1 tons of water. 


of welch, F. M., Design of Sand and Gravel Washing and Screening Plants: 
Rock Products, vol. 32, no. 15, Aug. 31, 1929, p. 52. 
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Aoovlying Welcn's average requirements to examole 13 the water required 
would be 667 gallons ver minute, and the ratio of sand and gravel to water 
by weight would be 1 to 1.7. Pummning with 12 percent of solids, the ratio 
of sand and gravel to water in the pipe discharge (from table 70) would be 
1 to 4.4 by weight or 2-1/2 times the average quantity calculated. However, 
all the vehicular water cannot be used for washing, and additional water 
must be added for rinsing. 


Pump and pipe-line transportation is advantageous for relatively short 
distances or average hydraulic heads. Procuring and delivering the gravel 
in one overation often eliminate intermediate storage and rehandling. The 
gravel is prewashed before it enters the washing plant, and a constant supply 
is provided to the treatment plant. 


This method of transvortation has the disadvantage of requiring a large 
pronortion of additional pover to transyvort the carrying water. It may be 
expensive due to the maintenance of floating pipe lines in river currents 
or in stormy weather. © 


Structural Limitations 
Conveyance by pumps and pive lines is limited to those gravel deposits 
wnich ere comparatively free from oversize boulders. Ordinarily, with eae de- 
posit containing 10 vercent of boulders larger than two thirds the diameter 
of the snetion inlet of the punp this tyne of transvoortation could not be 
used. , 


No definite length of pipe discharge can be assigned for pipe-line trans- 
vortation by a single pump or for one or more booster pums in the-line,. The 
discharge length will depend uvon the operating characteristics of the pumps 
used, the diameter cf the vine, and the character of the material pumped. 
However, certain limitations may be mentioned. Where booster pumps are neces- 
sary the material should enter the suction of the bnoster at some positive 
pressure. In other words, the booster should not be called unon to overcome 
any suction head. If the suction of the booster is put under a vacuum, leak- 
age of air would vrobably result, causing vulsation in the flow. The amount 
of ‘pressure required is only that necessary to insure against any vacuum in 
the booster suction at any time and is estimated by various engineers as 
ranging from 4.3 to 4.0 vounds per square inch, corresponding to 10 to 14 
feet of head. 


It is necessary also that the booster nump be 80 located that the dis- 
charge head or vressure is well within the bursting strength of pipe and purp. 
Sand and gravel traveling in long, straight, fairly level pipe lines tend to 
separate and drag along the bottom of the pipe. This may cause the line to 
fill up gradually and plug. The booster pump should therefore be placed as 
near the center of the discharge line as possible so that it may reagitate 
the material and prevent plugging. With a booster pump, if for any reason 
the dredge pump is stopved and there is no positive head on the suction of 
the booster, some means of relief must be vrovided or the Line bevond the 
booster will also plug. Provision is commonly made for this by interlocking 
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the drives of both pumps or by inserting a bypass valve between tne booster 
and the dredge pump. This valve is placed in a submerged depression in the 
discharge line with its emergency onening under water, Ordinarily the pvres-— 
sure in the pipe line holds this valve closed. When the nressure is removed 
by stoppage of the dredge pump or a plug in the line the valve opens and al- 
lows the booster pumo to null clear water into its suction and thus clear 

the line beyond. Such valves do not helo if tue stoprage occurs in the booster 
discharge line, hence interlocking drives are needed. 


It has been shown that the pvover reouired to eperate a nump and vipe~ 
line transnortation unit varies directly with: (1) The rate of discharge - 
governed by the diameter of tne pive ane the velocity of flow, (2) the weight 
per cubic foot of the material pumped — governed by the percentage of solids, 
and (3) the total head azainst which the nump must onerate - governed by the 
suction head, the friction heed, and tne static head. The head against which 
@ pump can deliver depends uvon the veripheral sneed of its impeller, which 
in turn depends unon the diameter and revolutions ser minute of the impeller 
or, in other words, the characteristics of tne pump. 


The total head against which a vine-line conveyor overates may be con- 
stant or may vary from day to day. To illustrate, a pump obtaining material 
from @ sumo, supvlied by other eouipment, and transnorting it to the treat- 
ment plant will operate under constant head. On the other hand, delivery 
from a constantly shifting dredge may or may not be subject to a corresvond- 
ing change in head, depending on whether shifting the nosition of the dredge 
involves lengthening or shortening or no change in the discharge line. Con- 
sequently, a pump and pive—-line system subject to frequent change of head 
shculd be nrovided with means for varving the perivheral sneed of the vumo 
impeller. This is usually accomplished by variable-sneed reduction between 
motor and pump. As an-illustration of the seriousness of the effect of 
change of head Hawgood=’ found that a vumv handling sand and mud and onerating 
at highest efficiency through a 4,000-foot discharge line required 10 HP per 
100 feet of discharge line. When the discharge line was cut to 250 feet but 
the revolutions per minute of the pump were left as before, the power required 
rose to 108 HP per 100 feet of pine. In other words, the efficiency of the 
pump varies inversely with the ratio of the psripheral speed of the impeller 
to the velocity equivalent of the total head, and highest efficiency results 
wnen the impeller speed as»roaches tne velocity equivalent of the total head. 


For a detailed discussion of the effect of design on ~umn efficiency 
the reader is referred to an article entitled "Economic Design of Hydraulic 
Pipe-Line Dredge," by John F. Cushman, published in Proceedings of the Ameri- 
can Society of Civil Engineers, vcl. 56, November 1930. 


ce me ee eee ee 


6/ Bawgood, Hag The Hydraulic Transmission of Dredged Material at San Pedro 
Harbor, Calif.: Eng. News, vol. 62, no. 10, Sent. 2, 1909, on. alii, 


ee 
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Auxiliary Equipment 


Pump and pipe-line systems require a source of vower. This source may 
be a steam engine or turbine or gasoline, Diesel, semi-Diesel, or electric 
motor. Combinations of Diesel, semi-Diesel or steam turbines with electric 
generators and motors may also be used. 


The necessary priming avparatus is reauired, the characteristics of 
which depend upon the design of the individual pump. 


While the pine line is auxiliary to the pumo, it is part of the systen. 
Pipe lines, however, may be installed in various rays. They may be laid on 
the ground surface, floated on a water surface, or submerged and laid on a 
lake or river bed. In any case they must be flexible to vrovide facility in 
movement from viace to place and to nrevent breakage which is apt to occur 
from surges in the material pumped. On the other hand, adequate but flexitie 
anchorage should be provided to »revent creeping of submerged or land lines. 


Flexibility in the line is provided by rubber sleeves or balljoint con- 
nections between pipe sections at regular intervals. Excessive movement is 
prevented by fastening to "dead men" on the surface or anchors in the river 
bed, Floating lines are snubbed to anchored buoys. 


Rubber-hose joints offer greater resistance or internal friction t han 
ball joints but are less exnensive in first cost. They are more liable to 
failure than ball joints but are usually replaced in less time when failure 
occurs. They are seldom used in modern practice on pipe larger than 15 
inches in diameter. 


Flexible joints on floating pive lines should be nlaced betreen pontoon 
sunports and not on the pontoon itself. 


Pontoons are nlaced at various intervals in the line, devending on loca’ 
conditions. Pipe is usually furnished in 20- to 40-foot lengths with flanged 
joints. Pontoons may be 30 to 60 feet avart but usually at not more than 
4o-foot centers. 


The discharge pipe may be carried either parallel to the long axis of 
the pontoon or transverse, Pontoons of wooden or steel cylinders are usually 
built with two cylinders connected by a rooden or steel frame sunvorting the 
pipe cradle. | 


There is no uniformity in nontoon design, but from observed installations 
the ratio of tae weight of the water whicn the pontoon is cavable of dis- 
placing to the total weight swoported ranges from 1.4 to 1 to 3.0 to 1. The 
vontoon must support its own weigat, plus that of the wipe, plus that of the 
_g@ravel and water in the pine, nence if the weight of these three items is 
1,000 pounds the nontoon should displace from 1,400 to 3,000 pounds of water 
when comletely submerged. 
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Reference to the variation in weight between standard and spiral pive, 
as given in table 72, will indicate that a pontoon suitable for sviral pine 
may not be large enough for standard pipe. 


Discharge lines offer the least frictional resistance when straight 
and when the ends at the joints are brought together without leaving gaps 
witnin the coupling or flange. All elbows and bends should be on as large 


a radius as possible, 


The frictional resistance of various pine-line accessories, expressed 
in equivalent feet of straight pipe, is given in table 71. For pipe friction 
and capacity and for head developed by dredge pumps the reader is referred 
to tables 32 to 38 in vart 3 of this series of papers. Table 72 gives the 
principal characteristics of nipe commonly used in dredging service. 


TABLE 71. - Friction equivalent ‘in feet of straight pipe) of loss in fittings 


ee ho Med _of »vipe,_in¢ incnes 

ied —  Y -oe.. 6. 8 1404 1> ae 18 tie 18. 20.e8 
Elbow 90° long Oy. 1 , le 16. 1-20 30 | 32 36 | 40 4s 
Elbow 90° short cae. 436 18 ; 24 ! 30 ue | a 4g: 54; 60'72 
Elbow 450 : ees ae 9 112 ; 15 | 21 | | 23 | al | 27 | 30 (36 
Elbow 2230 4.8 5.5: 6 | 8 1101 12 | 14) 15 16 | 12 20 | Pu 
Gate valve Say Eh ie $26 1-20 | = 2 | 30 32 | 36 Lo | 4g 
Flap valve 119 | 22 2h | 32 | ; 4 ae 56 | 60 le a 80 | 96 
Pontoon connection ‘12 14  .15 ! eC ! as | ~ 25 | 38 | 4o | 45 | 50/60 


TABLE. 72. — Characteristics of dredge pipe 


Standard lap welded ad pipe _____ Spiral pipe 
Internal © Weight Bursting . Weight ‘Theoretical Bursting 
diameter, Thickness, per foot, strength, Thickness, per foot, ; safe rorking ‘strength, 
-anehes inch pounds (b. acd Ds Bs — pounds - head feet ‘Wos¥eo, in. 

i § , 0.28 19.0 :1/1,000 rf 565 | 400 - ~~ 1,250 

ne 28.5 121/1,000 | : i ee ees. ,* 9935 

10 i 366 HO .5 nee / 36 . ae | 276 750 

1 a es ¢ os ams oe 16 | 10.6 | 230 ? 625 

15 : 31> + 85.0 | 2,500 1 Th 23 2 ae 230 , 625 

1. oh gat f BO | oe Fae (76.% § 216 3 585 

18 , 31>. | 7S ? B062 2 3A 119.9 | 192 | 525 

20 f 65 ; Ge | 2500 5 <8 as 172 470 

uo; «656061 138.0 | 2,082 ; 12 | 36.5 |; 201 |  5uUO 

ne ae i 150.0 | 1,922 ; 12 39.5 | 164 ' BOB 

30. |. 45 172.0 i 1,666 | 10 | 6.8 | 208 | 60 


one Routine factory test. 
A choice between the use of spiral or standard pipe will depend largely 
uvon the experience of the overator. Standard pipe of equal diameter, as 


will be noted, is much heavier; it will also withstand much higher heads or 
pressures, but sniral pipe is strong enough for average dredging requirements. 
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Standard pine, on the other hand, will withstand internal abrasion and 
vear longer than spiral pipe. Where discharge lines are carried over land or 
can be held in a fixed position it is sometimes vossible to revolve them one 
third or one half and thus »vrolong their life against abrasion from sand and 
gravel dragging along the bottom. 


Where it is necessary t9 submerge the pipe line to the river or lake 
bottom as a protection against swift currents, storms, or surface traffic, 
the vontoons may be filled with water and sunk. When it is necessary to move 
the line, the water is blown out with compressed air and the line floated. 


Capacity 


| The capacity of a pump and pipe-line system depends upon the internal 
diameter of the pipe, the velocity of flow, and the percentage of solids in 
the mixture. 


The diameter of the ‘iecnares line is gpa rene ty fixed by the discharge 
diameter of the pump. 


The velocity of flow in pumping sang and gravel will seldom be less 
than 10 feet per second or more ‘aan 18 feet. The usual velocity averages 
le feet per second. 


The amount of solids in the mixture is largely a function of the skill 
of the operator and the character of the gravel. It ranges from 5 to 20 
percent by volume and usually averages 10 to 15 percent. — 


Table 73 gives the capacity of pump and pipe-line systems for the aver- 
age range of velocities and percentages of solids. The figures in the table 
are based on sand and gravel weighing 100 pounds per cubic foot, loose measure. 
The capacity correspvonding to heavier material will vary in direct provortion; 


. hence, for sand and gravel weighing 110 pounds per cubic foot the figures should 


be increased 10 percent. 
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TABLE - Capacity of pump and pipe-line svstems, tons per hour/ 


Pipe | 
diame-Solids, Velocity of flow, feet per second 
ter, percent 10 i eee Te Ed eee .° ae | 18 
a Fa ares ae eee eee 
5 se BA 19.5; 22.2 250) 24.7 26.5: 28.4 30.0| 31.8 
- |} 20 35.4 39 20 | 42.3 46.0 49.5 58.2. 56.7 | 60.0| 63.6 
15 53.1! 58.5! 63 05 69.0/ 74.2. 79.7) 85.0! 90.0! 95.4 
| 0.8 8.0 | | 106 1 | 
31.3. 34.5 
g 62.7, 69.0: ! 
94.1. 104 3 | 
2 g : : 
z. : | 
! | 
i i : | 250 | 265 
20: 196 216.5 .235. 2) 2 275; 295 | i 
| 5 } FOnt, 77] S48) 91.6] 98.81 106 =. 113 | 120 127 
eio> ) - oa eho | 254 


ee (| 20 7) Why. 5. yO. * ee ace | 
| 15 | 212 < O35 | Bae. B76 «|| .e96 | ie | 339 | se | 382 
6 Oo | 80 


144 


oS aa | 
= . 260 | 288 | 308 
a 89 , 318 | 5 6 | 375 | Yoh | N33 | Mbe 90 520 
o | 389 iho 62 OO | 538 | | 616 654 6 
mo S | deo) 356 e AGL Gs i / 188 |, 201 21 226 
2 10 | 251 | 277 1 302 27: 352 | 377 |; Yon | 427 | 453 
<0 | _ 528 565 me ; 641 | 679 
No 0 ©) ot n Sou | 8&8 i 90 
3 223 239 | 255 271 «61 62s 
®@ 6 YY6 47g | 510 ; S41 | 573 
ot 669 716 + «#764 |; 812 =< 860 
a 892 956 11,018 ‘1,082 ‘1,14 
6-4 = 245 295 a9. | 23" | 35 
- ees: 590 630 , 669 | 708 
Us | 826 885 | 945 41,000 {1,060 
ae. 1,100. 11,380 .| 1,260. 11.378 1 U15 
aS 368 ' 39h you k5e | 481 , 509 
ye 679 | 735 ' 782 Sus 904 | 962 1,018 
£8 11,017 1,100 1187 1,272 1,356 12 a2 1,527 
= i 11.357 1,470 1,583 __ 1,696 -|1,810 (1,923 12.0% 
363 = 397 «| 430 | (463 496 5268 | 562 hou 
' 794 i 860 ! 925 992 {1,057 11,124 |1,188 
1,190 {1,290 /1,388 {1,487 [1,585 11,686 /1,783 
1,587. _!1,720 11850 11,983 12,113 2,248 !2,380 


1/ In this table sand and gravel is assumed to weigh 100 pounds ver cubic foot. 
For material weighing 110 pounds per cubic foot increase figures 10 percent, etc. 
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To illustrate the method of calculatine the equipment necessary for a 
gravel pumping plant and pive-line trans>ortation an assumed set of conditions 
is selected and tne equinment calculated in example 14. 


Example 14 


It is assumed that the gravel de~osit contains considerable clay recuir- 
ing careful washing and that it is mined by hydraulicking and the gravel 
sluiced to a sump in the pit. The distance from sump to washing plant is 
4000 feet, and the top of the plant is 40 feet above the weter level in the 
sump. The desired rate of production is 3,000 tons per 10-hour day. It is 
further assumed thet the gravel varticles are water-worn to rounded edges 
and that there are no troublesome toulders which cannot be eliminated by the 
hydraulic mining method. Because of tne clay it is cecided to oumo the gravel 
from sump to washing plant. 


As an initial calculation, as discussed in cart 3 of this report under 
hydraulic dredges, the capacity of a dredze pump in cubic yards per hour 
when pumming 10 percent solids at a velocity of 12 feet per second is seven 
eighths the square of the diameter of the ovum in inches. The desired capa- 
city in this example is 4,000, tons, or 2,000 cubic yards per 10 hours, or 
200 cubic yards per hour; then 


L ge 
8 


15.1. 


200 


i 


d 


Therefore a 16-inch pump is indicated. 
The total head against which the unit must onerate is as follows: 
Feet 
Static head . ho 
Friction head (4.7 to 6.6 feet ver 109 feet of 16-inch 
pipe at 12 feet ver secondi/) at average 5.6 x 4,000 224 
Suction head assumed at 15 
Total hydraulic head 279 
Since 150 feet is the customary limit for a standard pumo it is evident 
‘that a booster pump is necessary in the line. If the pipe line is constricted 


so tnat the grade is uniform from sump to discharge and the booster pump is 
‘in the center of the line, the head on eech pump will be as follors: 


J/ Table 32, part 3 of this series, chapter on"Hyeraulic Dredfes." — 
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Sump pum: Feet 
Suction head 5 
Friction head at 5.6 x e000 £t< lie 
Static head 20 
Positive head delivery to booster 12 

Total | 159 


Booster punp: 


Friction head at 5.6 x 2000 ft. ae 
Static head on ae 
132 
Less vositive head from sum» vum» | <i t be -.>, 
Total head | | - 120 


To equalize the duty on both pumos the booster is placed 1,/00 feet 
from tne sump and 2,300 fset from the nlant. ‘The head on each vump is then 
as follows 


Sump vump: | | Feet 
Suction head : 15 
Friction head 5.6 x 17 | 95.2 
Static head . “ATL. 
Pressure to booster | 12.0 _ 

Total | | 139.2 


Booster pump: 


Friction head (5.6 x 23) | 128.8 
Static head | 2320 
151.8 

Less positive head from sumo pump 12.0 | 
Total head ) 13°28 


Assuming that the pumps are identical in design and each has a 48-inch 
impeller, then each should overate at 414 r.Dem, to develop 140 feet of head 
(table 38, vart 3). 
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The power required for each pump can be calculated from the formula 


CWH 


HP = 339000 


quantity of material, in cubic fect per minute; 
the weight of the material per cubic foot; 
tne total head, in feet. 


in which 


m = 
uot 


1 


From table 70 a cubic yard of sand and gravel with 10 percent solids 
will require 254 cubic feet of water, making a total of 254427 = 281 cubic 
feet of mixture per cubic yard of gravel. Since the pumps must handle 200 
cubic yards of gravel ver hour the quantity of material handled per minute 
will be 


P00. 2 281 _ 937 cubic feet. 


From table 34, part 3, the specific gravity of a mixture containing 10 
percent solids is 1.12, tnerefore each cubic foot wil! weigh 


1.12 x 62.5 = 70 pounds. 


Substituting in the formula, 


HP = x 70 x 140 _ 278.2 (water horsepower). 
33,000 . 


The motor rating or brake horsepower required on each vump would then 
be approximately 6CO HP. 


It will be noted from table 73 that a 16-inch pipe line handling 10 per- 
cent solids at a velocity of 12 feet per second will deliver 402 tons per 
hour, or that required in the examvle. 


In computing the total head for example 14, no allowance has de 
put en mad 
i oe ee due to valves, bends, and flexible coupiines tn 
e€ pipe line, curate calculations would require that they b 
in computing total head. , Ce es 


TOWBOATS AND BARGES 


The previous discussion of haulage units has been confined to their use 
in intraplant haulage, that is, transfer of material from excavator to treat- 
ment plant. SExcept for motor trucks the types of haulage so far mentioned 
are not adapted to delivery beyond the plant limits. While towboats and 
barges are commonly used for intraplant service, they are more often used to 
move material in interplant haulage, as between the treatment vlant on the 
dredge and the storage yard or other plant on shore or direct to consumer, 
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Barges moved by towboats or tugs are the most popular type of conveyance 
serving sand and gravel dredges, and whether their use is confined to intra~ 
plant or extended to internlant haulage will depend on whether the dredge 
carries partial or complete treatment machinery. Dredges of the clamshell 
and dipper type do not ordinarily have washing and screening equipment aboard, 
and the barges serving them are restricted to intraplant haul. As previously 
noted, however, the hydraulic dredge may vrovide its own conveying system 
through pipe lines. The ladder dredge, on the other hand, is almost invari- 
ably equipped with washing and screening machinery, and the barges serving 
it are usually emoloyed for internlant haulage. However, the wide geographic 
range possible with any tyre of dredge necessitates equipment capable of 
covering distances greatly in excess of those ordinarily covered by the pre- 
viously discussed methods. Hence, most barge designs are such that they may 
be used for either intraplant or internlant haulage. The excevtions are 
where a dredge is used in an artificial pond which has been so enlarged that 
the distance is too great for direct pump and pine~line delivery. 


Barges may be the sole vehicle, they may be supplemented by other types 
of equipment, or they may themselves be the supplementary equipment. For 
exemple, the barge may be loaded directly by the dredge and towed to the 
treatment plant. If the treatment plant is on the shore line the dock equip- 
ment used to unload the barge may deliver directly to the plant. If the 
plant is some distance avay, some sunplementery form of conveyance is neces-— 
sary. This may consist either of cars hauled by locomotive, autotrucks, an 
engine plane overated by a hoist, or a convevor-belt system. Barges may also 
be unloaded by crane or other means to underrater storage, from which a hy~ 
draulic dredge, power scraper, or slackline cablewsy excavator may complete 
the transfer to the treatment plant. 


In other instances a hydraulic dredge may excavate and deliver material 
directly to a centrally located, underwater storage from which barges may 
be loaded by various means for further movement. Barges are also used fre- 
quently for haulage between shore storage yards, betreen shore plant and 
scattered storage yards, or from either plant or storage to consumers delivery 
point. 


As most used, sand and gravel barges have no means of generating power 
either for self—propulsion or fcr unloading their cargo. Recent develop~ 
ment, however, has »vroduced both self-propelled and self-unloading barges, 
but tnese developments are as yet confined to localities with specific need 
for such equipment. 


The self~unloading tyne may be a simole rectangular barge with a crane 
wielding a clamshell bucket mounted on one end. The barge is logsded by the 
dredge, towed to its destination by towboat or tug, and left to unload its 
cargo while the tug proceeds on other business. Another type of self-un- 
loading barge is equinned with conveyor belts feeding a boom conveyor which 
can be swung over the side to discharge to shore storage or other point es 
desired, 
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Self-—propelling barges ordinarily are snecially designed equipment for 
specific use or are converted lake or ocean steamers. They may or may not 
be capable of unloading their own cargo. 


Barges without power are more or less standardized equinment. By this 
it is meant that manufacturers of this tyne of equipment have standardized 
on sizes and details of Gesign to the extent that certain sizes and designs 
are built and carried in stoc for quick delivery. Barges equipped with 
porer are built or designed to meet svecifiec conditions and are not standard- 
ized. 


Structural Limitations 


Sand and gravel barges for river or vet-pit service are usually rectangu- 
lar in shape with vertical sides, and both ends are raked to provide minimum 
resistance to towing. Either-wood or steel is used in their construction, 
the present tendency being toward steel, as it provides greater strength, Jess 
weight, and greater cavacity per unit of weight. 


Barges used in laxe or ocean service are frequently of the same design 
but may have round bottoms with blunt-tepered ends. 


Sand and gravel barges for pit, river, leke, or ocean service are con~ 
structed in three general designs, depending uvon the position of the load 
with respect to the deck line. Hopper-tyve barges (fig. 24) carry the entire 
cargo below the deck, This type is used less extensively for gravel transfer. 
It has the advantage of providing a lower center of gravity when loaded and 
hence is more seaworthy. It has a disadvantage, horever, in that the water 
entering the hopper with the gravel or from rain must be pumed cut. Hopper- 
type barges are somewhat cheaper but are structurally weaker, 


What may be termed a "semi-hopyer—type barge" is designed so that the 
load is carried partly below and partly above the deckline. It is subject to 
the same objection as the full hopper barge in that water entering the hopper 
mist be pumped out. It is less stable in stormy weather but somewhat stronger 
structurally. 


The flush—deck type (fig. 25) of construction is probably used most for 
gravel haulage. On it the whole cargo is carried in a cargo box built on 
the barge deck, In tne sides of the cargo box limber holes are provided 
throngh woaich rain water and water accompanying the gravel can drain off auto~ 
matically, obviating the necessity for pumping, The flush-deck barge carries 
its entire cargo above the water line and is therefore the least sesworthy 
of the three types. However, it can be demonstrated that a pronerly designed 
barge with a hold free of water cannot be capsized with a reasonable load, 
altnough in a severe storm it may lose part of its cargo due to waves. If 
water is allowed to accumulate in the hold this type of barge is not seaworthy, 
but the accumulation of water in the hold is a matter of maintenance and 
should be prevented in any tyne of barre. 
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For river or pit service the flush-deck tyve of barge is designed for 
only 6 inches of freeboard when fully loaded, altho-gh hopper-type barges re- 
quire more. for Jake or ocean duty more out-of-water height is desirable to 


withstand waves and storms. 


Generally, the size of tie barge is ircreased as the length of the heul. 
increases, because the first cost is less per unit of capacity and large tows 
are handled easier in large units. Thus, for long hauls handling river 
freight, barges frequently are 2,000 or 2,500 tons in cavacity. For the usual 
short or gravel-—plant haul, however, barges seldom exceed &00 tons incapacity 
and may be es small as 100 tons. The smaller sizes are usually of wood, but 
these seldom exceed 100 feet in length or 400 tons in capacity, while many 
operators find steel the more economical structural material for cepacities 
of 400 tons or more. As an examnle of the relation of barge size, capacity, 
and deovth of draft, one manufacturer lists the following stock sizes in steel 
barges. 


Capacity Draft et canacity load, 
tj load, tons ___feet 
365 650 
ee Eo aes ee 5S 15 ae sie te BOL 


It is not within the province of this es to discuss manufacturing de- 
tails of barge construction, 


Auxiliary Equipment 


The ordinary nonpower gravel barge requires some means of locomotion, 
and this is provided by towboats or tugs. Towboats of the side or stern 
paddle-wheel type (side paddles are now seldom used) are used in river service 
or wherever shallow drafts are necessary. They have rectansular hulls, raked 
bow and stern, and towing drafts ranging from 2 to 4 feet. Their towing 
speed depends upon the size of the tow and whether the loads must be trans- 
ported against or with the river current. While a towboat may be capable of 
developing a speed of 12 to 15 miles or more per hour by itself in still water, 
this may be cut to 2 to 8 miles by the size of the tow or the river current. 
In fact, a towboat may be able to handle several barges without loads uvstream, 
whereas one loaded barge would tax its porer under the same conditions. 


Side or stern paddle-wheel tovboats are suited only to river or pit haul- 
age e 


_For lake or ocean service, where shallow draft is unnecessary, tugs with 
round bottoms and screw propellers are usually employed to vrovide motive 
power. 


Steam is probably the most popular tyve of power used, although gasoline— 
driven internal—combustion engines are common in the smaller sizes of torboats 
end tugs. Diesel~powered boats and tugs are a more recent development, and 
their.use is increasing as old a is replaced. 
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The design and construction of towboats and tugs is a matter of snecial 
marine-engineering study, and this type of construction is not standardized. 
Usually each unit is built to specification for a particular service, although 
many boats, built for one service, have been used for others either without 
change or efter remodeling to suit the new conditions. Their design reouires 
such special knowledge that the sand and gravel operator will do best to 
leave this to reputable builders, contenting himself with stipulating the de- 
tails of the service for wnicn he desires the unit. 


Self-propelled sand and gravel barges ere really marine equipment special- 
ly designed for the sand and grave] trade, and their design and construction 
will depend entirely upon the service in which they are to be employed. 


Self-unloading barges are equipped with various types of unloading 
machinery. The simple barge with crane and clamshell bucket mounted on one 
end has been mentioned. Conveyor belts are commonly used to deliver the cargo 
to shore or other floating equipment. To adapt the conveyor belt to this 
use the belt itself is usually mounted on a structural-steel boom capable of 
radial movement over the side of the barge. The boom belt may be loaded by 
power scrapers operating in the hold of the barge and delivering to a hopper 
over the inboard end of the convevor, or it may be loaded by a belt conveyor 
taking its load from chutes in the bottom of the cargo hcppers. Other tyves 
of self-unloading berges omit the radial-boom conveyor and simply extend the 
hopper conveyor over the bow of the barge. This tyoe of barge is moored with 
its bow to the dock, and the conveyor usually delivers to a hopper over 
another conveyor on the dock. In such barges the flush-deck cérgo box is re- 
placed by hoppers supported by steel framework above the deck on which the 
conveyor operates. The berge may generate its own power to operate the belt 
or may depend upon power lines on 9) dock to suoply current to the conveyor 
motors. The Ward Sand & Gravel Co.&/for wet-pit operation uses a barge (fig. 
26) of this design in which the customary hull is replaced by 8 to 12 cylin- 
drical steel pontoons 10-1/2 feet in diameter by 40 feet long. Such con- 
struction is of course adapted only to the quiet water encountered in vit 
operation. 


The capacity of a towboat and barge system of haulage depends upon a 
number of factors so variable that tables are impossible. The factors may be 
summarized briefly as the length of naul, the loaded and empty speed, the 
time required to load and unload barges, and the idle time due to waiting for 
towboats. The length of haul will of course vary with the position of the 
dredge with resnect to the unloading point. For nit overations this will 
probably remain fairly constant but will increase gradually as the dredge 
advances away from the plant. For river operations the length of haul will 
be constant while the dredze operates over one bar. This may require a few 
days or the whole operating season denending on the size of the devosit. 
Where several bers containing materials of different physical characteristics 


&/ Ward, F. Le, Methods and Costs of Mining and preparing Sand and Gravel at 
the plant of the Ward Sand & Gravel Co., Oxford, Miche: Inf. Circ. 
6580, Brreau of Mines, 1932, 16 vp. 
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Figure 26.—Self-unloading barge, Ward Sand & Gravel Co. 
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are to be onerated witn one dredge it may be necessarv to move the dredge 
frequently and thus vary the haulage distance. Again, the dredge may be 
stationary, but it may be necessary to deliver material to several storage 
or delivery points at unequal distances from the dredge. 


The loaded and empty speeds will depend upon the power of the towboat 
and whether the barges are moved in quiet water or with or against a river 
or tidal current. The speeds will depend also upon the number of barges 
in the tow. : 


The time required to load the berge willdepend upon. the type of deposit 
being excavated, the tyne and size of the dredge, and the skill of the dredge 
runner. 


The unloading time will devend uoon the tyne of unloading equipment 
used. 7 | . | 


The idle time will depend largely unon the efficiency of management, 
provided adequate equipment is available. If the number of barges or tow- 
boats is insufficient the time reouired to deliver a tow and return an empty 
may be more than that required by tne dredge to load the corresponding ton- 
nage. In that case barges mist remain idle at the dredge while awaiting the 
towboat. If the unloadins equipment is inadequate the barges will be idie 
at that end waiting to be unloaded. Since the loading and unloading times 
are themselves variable and the traveling time is also variable owing to 
different haulage distances, towboats end barges are probably subject to a 
greater vercentage of unavoidable idle time than other tynes of haulage. 


As examples of the diversity in the requirements found necessary for 
barge heul, three typical installations follow. 


—-~———--- + 


: | Barge . | ; Dredze ' 
Number of | capacity, | Dredge. ! capacity, | Heulage distance, 
bar _tons ail and + | _tons per hour | miles 
2 ladder 7 300 [2 to 30 
1 pump | 1600 1 + 
1 ladder | 500 m3 


1/ Duffy, J. H., Method and Cost of Dredging Sand and Gravel by the Ohio 
River Sand Co.: Inf. Circ. 6421, Bureau of Mines, 1°31, 17 ™. 

2/ See footnote &. | | 

3/ Williamson, G. H., Sand and Gravel Dredging Methods and Costs of J. X&. 
Davison & Broe: Inf. Circ. 5582, Bureau of Mines, 1932,.10 pp. 
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AERIAL TRAMWAY 


The aerial-trammay system 39% haulage, also known as a "ropeway", "wire- 
rope conveyor", or "cableway", 4 is a method of transporting material a few 
hundred feet or many miles by carrier buckets suspended in the air from mov- 
ing or standing wire ropes which in turn are supported by wooden or steel 
towerse 


There are several distinct types of aerial trams which have been de- 
veloved by differences in local haulage conditions. The following. are the 
principal types now in use: 


1. Single-rope, fixed-clip tramway. 
ee Monocable, or single-rope, saddle-clip tramway. 
o Bicable or double-rope tramway. 
« vJig-back or two-bucket, two-track, reversing tramway. 
5. To-and-fro or single—bucket, single-track, reversing tramvay. 
6. Hoisting and transporting cableway. 


In the first two types the buckets are attached to and susvended from 
endless moving ropes passing over sheaves on the suvvorting towers. 


In the other four tyves the buckets are suspended fren, aud move over, 
standing track cables supported by towers and are attached to a traction rope 
which provides motion. 


The single-rope, fixed-clip tramway consists of an endless moving rope 
to which the buckets are fixed at regular intervals.: It is designed to run 
at low speeds carrying light loads. 4s the buckets are always attached to 
the running rope they mst be loaded and unloaded while in motion. 


The monocable, or single-rone, saddle-clip tramway consists of an end- 
less moving rope to which the buckets are secured by friction grips built 
into the design of the saddle clip. It is designed for high speeds (uv to 
500 feet per minute) and heavy loads (up to 250 tons ver hour). The bucket 
carriage is supplied with sheaves permitting movement over stationary rails 
and a V-shaped saddle clamn which grips the running cable securely. The 
buckets are detached automatically for loading and unloading and reattached 
automatically for despatch. 


The bicable or double-rove tramway consists of an endless moving rope 
to which the buckets are manually or automatically attached and detached by 
friction clamps of various designs. The buckets are attached to carriages 
hung from sheaves which travel over standing track cables supported by towers. 
They are designed for high sneeds and large individual bucket capacities, 
Loaded buckets are attached to the traction rope at svecified intervals and 
are carried over one track cable to their destination, where they are usually 
detached for dumping and then refastened to the traction rove for return to 
the loading point over a second parallel track cable. Under favoreble con- 
ditions it is unnecessary to detach the bucket for duming. The buckets are 
attached to the running rope manually or automatically. 


9/ A "cableway" strictly speaking, is a svecial form of tramway end should 
not be loosely classed es an aerial tram. 
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Under favorable conditions the buckets may be fixed to the traction 
rove end remain fixed during both loading and dumping. When so constructed 
special apparatus must be used to load the bucket while it is in motion. 
The traveling speed is necessarily slower and seldom exceeds 300 feet per 
minute. 


The jig-back or two-bucxet reversing tramway is similar in general opera- 
tion to the bicable tramway, except that only two buckets are used, one on 
each track cable, and the running rove instead of traveling continuously in 
one direction is reversed at eacn trip. Thus, each bucket travels back and 
forth on its own track ceble. This type is designed for slow or high speeds 
end light or heavy loads and is sometimes operated without mechanical power 
Similar to an inclined plane — the descending loaded bucket furnishing power 
to pull back the ascending empty. UHach bucket is attached to one of two 
hoist ropes with a tail rope running from one bucket to the other. The jig 
back can also be used to haul loads up an incline, but mechanical power must 
be applied. 


The to-and—fro or single-—bucket reversing tramway resembles the jig back 
but has only one bucket running on a single track cable. The direction of 
travel of the traction rope is reversed each triv. The bucket is attached 
to one end of a hoist rone and gravity is depended unon for movement in one 
direction. The system is usually designed for comparatively light loads and 
moderate sneeds but mey be built for heavy loads. At times a tail rope is 
necessary. | 


The hoisting and transvorting cableway is a to-and-fro single-carriage 
system but is so designed that tne carriage may be stopped and held in any 
yosition on the track cable and the bucket lowered and hoisted from that 
pointe It is designed for low or high speeds but for heavy single loads 
(up to 150 tons or more). The aerial tram transports but does not hoist 
loads, whereas the cableway does both. As mentioned, it is rather a special- 
ized type of aerial conveyance. — 


The monocable (single-rope, saddle-clip? and the bicable are the two 
types used most for haulage under conditions required at sand and gravel 
plants. Hither type is essentially an endless-rope haulage system in which 
the graded roadway, rails, and ties of the surface system are replaced by 
track cables supyorted on towers, 


The great advantage of the aerial tram over other systems is that it 
requires no prepared roadway on the ground. This avoids interference with 
surface operations along the right-of-way and traffic at intersections with 
highways. This advantage is emnhasized in country of rough topography and 
in the crossing of rivers or other bodies of water. By locating a tower on 
either or both banks of a river the eerial tram carries its load across on 
susvended cables, where a surface svstem would reouire a bridge. If the 
stream is navigable the surface haulage problem is further comolicated by 
the necessity of a swing or lift bridge to permit shipving to pass. With 
the aerial tram haulage is simplified by increasing the height of the towers 
on the river bank so that the buckets pass high enough to avoid water-borne 
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traffic. In rough topography the aerial tram proceeds in a direct line be— 
tween the loading and discharge noints and the haulage distance is therefore 
a minimum. Since the tram can negotiate favorable or adverse grades any 
difference in elevation between terminals causes no operating difficulty. | 
If the grade is against the loads more power must be expended, of course, but 
this would be necessary with any other system of haulage betreen the two points. 
To keep within permissible haulage grades over rough tonography the surface, 
systems, on the other hand, must either resort to heavy grading in the road- 
way, requiring deep cuts and high fills, or, when the difference in elevation 
between terminals is too great for vermissible grades on a straight line, to 
a longer curved roedvay or Poserory switchbacks, all of which require: money: 
or less grading. . 


Like barge and truck leading systems the aerial trem may be used for 
either short intraplant service or for long interplant hmlage. However, 
barge and truck systems are more flexible in that they can transfer material 
from one or more points to one or more other voints due to their independence 
of a single roadway. The aerial tram, on the other hand, is confined to 
transfer of material from one fixed point to another, although buckets may 
be loaded or discharged from more than one point along the line. | 


The aerial—tram system compares favorably with other tynes of haulage 
in installation cost over level topography and ordinarily has considerable 
advantage in this respect in rugged country. Any type of power may be used, 
including steam or internal-combustion engines, electric motor, or line 
shaft. Modern installations usually employ the electric motor. A technical 
discussion of the apnlication and electrical hook-up for different types of 
motors, as applied to aerial trams, will be found on page 419, vera 133 
(1932) of Engineer ing and Mining Sourns lk 


When loads are tvanesorted over level surface or advérse grades by 
aerial tram, power must be expended as with any other. tyne of haulage. When 
the material is lowered down steep grades, as often occurs in mountainous 
country, the tram may be operated as a gravity plane in which the descending 
loads return the empty buckets without mechanical power except that of the 
brake drum. With some such installations electric motors are installed for 
use when no loads are descending. When the tram is itn overation the motor. 
acts as a brake and generates electric power for use elsewhere. Sometimes 
both favorable and adverse grades are necessary. The driving motor may then 
be used part time to onerate the line and part time as a power generator. _ 
In long lines it is customary to install a starting motor in addition to the 
regular operating drive, The duty of the starting motor is to overcome the 
initial inertia of the buckets and haulage rope and start them moving. When 
once in motion the starting motor is cut out ang the reeuler drive Operates 
the line. 


Structural Limitetions 
7 e 


The possibilities and. advantages of the aerial tram for haulage in 
rugged ,. mountainous, or otherwise inaccessible country have long been recog- 
nized by metal miners, but its puceesstul: Sa oa with Cuner, systems in 


3807 | ee 232 - 


Google 


I.C. 6875 


the simpler forms of plant haulage has vrogressed slowly. So far there have 
been few applications to sand and gravel exploitation, although recent im 
provements in design and construction have solved many earlier operating 
problems. " 


As previously stated the aerial tram is essentially an endless—rope 
haulage system in which the carrying vehicles are transported through the 
air instead of on the ground. To accomplish this the reils and ties of the 
surface system are replaced by track cables and supnorting towers. 


In the bicable type there are two track cables, one of larger diameter 
carrying the loaded buckets in one direction and the other cf smaller section 
carrying the returning empty buckets. The track cables are anchored securely 
eat one end and stretched over metal saddles on the towers to a tension sta- 
tion at the other end. In the tension tower the cables are attached to 
heavy weights which provide thé power tension to enable the cable to support 
a load of similar weight suspended between towers and the weight of the 
traveling buckets. Tension towers may be placed at either the loading or 
discnarge terminal on short hauls or in the middle or at other convenient 
intermediate points for long heuls. When the tension tower is placed in the 
line the buckets are transferred from one cable to the next over steel rails 
and rail points, thus permitting continuous operation without stopving. 
Track cables are made in various designs. In some the core is a round strand 
of wire surrounded by interlocking wires, some or all of which are specially 
shaped for two reasons: (1) To present a smooth surface, free from impact, 
for the passage of the carrier wheels, and (2) to prevent exterior broken 
wires from protruding or unwinding and thus avoid entanglement or derailment 
of the carrier. In some installations a lang—lay haulage rope is used for 
track cable. The locked-coil catle is more expensive but presents less fric-— 
tion to the wheels of the bucket carriage and usually has a longer life. 
Haulage rope is often used for short hauls or for temporary construction. 


Track cables pass over the towers and are supported in cast-iron or 
steel saddles which are grooved to fit the underside of the cable but offer 
no obstruction to the passage of bucket wheels. The cable rests in the sad- 
dle groove and is free to move longitudinally in either direction. This is 
necessary, as constant shifting of the load due to the traveling buckets 
causes constant change in the arc of sag betveen towers and hence continual 
movement of the track cable in the saddle grooves. 


A third, or haulage, rope, usually of lang-lay construction, transmits 
motion to the buckets. This rope is ordinarily driven by a bullwheel operat— 
ing on a vertical shaft and equipned with multiple finger grips or leather 
lining to provide driving friction. The haulage rope may be below or above 
the track cables, depending upon the design of the tram. The buckets are 
attached to it by friction grips. These grips may be operated manually by 
an attendant at the loading station, or they may be so constructed as to 
clamp automatically to the haulage rope as the bucket is pushed onto the line. 
In either case the bucket is detached autometically at the discharge ter- 
Minal, The bvucket, in passing from one cable to another at an intermediate 
tension station , remains festened to the haulage rcpe as it passes over the 
rail connection between track cables, 
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In the monocable type the traction or haulage rope of the bicatle syster 
is eliminated, and the heavy track cables themselves provide motion. They 
pass over a series of sheaves at each tower arranged s©% as to minimize the 
arc of sag at that point. No intermediate tension stations are required, 
but the proner tension is applied to the cables at one or both of the termiza 
stations. The tower sheaves are so designed thet the bucket carriage passes 
over them without releasing the friction grip in the saddle clips. At the 
dumping terminal it is unnecessarv to detach the bucket as must be done in 
a bicable system. The incoming cable is led over a sheave, ab the terminal 
and directly alongside is placed the graded end of a steel rail. As the 
bucket approaches the terminal the carriage sheaves ride the rail and lift 
the saddle clips clear of the cable, thus detaching the bucket and transfer- 
ring it to the rail where it is moved manually tothe dumping position. 


Aerial-tram towers may be either of wood or steel, depending upon local 
economic factors. They are short or long denvending unon the contour of the 
surface, which also determines whether their spacing along the line shell be 
at equal distances or irregular intervals. If svaced at short distances 
less tension is needed on the track cables, tut the cost for tower constru- 
tion is greater. Clase spacing also causes less deflection in the track 
cables as the loaded buckets approach and leave a-tower saddle. This re- 
sults in less wear on the cable ard hence lenger life. Tower spacing must 
be designed carefully to provide an equable balance between initial instal- 
lation cost and maintenance expense. Where the tram nasses over highways, 
rivers, or other bodies of water the towers on either side are usually higher 
than at other points to provide clearance for highway or water-borne traffic. 
Where the tram spans rivers or valleys the distance from bank to bank. or 
hill to hill often far exceeds the customary tower spacing. Long. spans re- 
quire greater tension on the track cables and necessitate greater sag in the 
suspended cables. This increased sag may require increased tower height, 
even though there is no traffic interferenee in the span. Single spans of 
this nature are frequently necessary in mountainous couhtry and have been 
operated successfully over distances approaching a mile in length. In cross- 
ing highways it is customary to suspend a steel-wire network below the tram 
buckets as a safety precaution against dropping of material on the highway. 


Although longitudinal movement of the track cables is provided for in 
the saddle grooves no nrovision is made for movement of the cables at right 
angles to the direction of bucket travel. The weight of the cable and buckets 
normally prevents the cable from moving out of the groove. Under abnormal 
conditions, however, such as excessive or uneaual loading the track cable 
may be lifted vertically out ef the saddle. In that case, if the towers are 
not alined carefully, the cable when it drops back will. settle either on the 
tower cap inside the saddle or outside the end of the can. In either case 
the next bucket passing is apt to catch at the tower or drag on the ground 
and cause trouble. For this reason aerial trams are built without horizon- 
tal curves in most installations, and ereat care is necesserv to assure that 
the tower saddles are in exact alinement. Modern design, however, has devised 
mechanical appliances which permit considerable curvature in the line, but 
a special tower must be erected at the point of the curve to accomplish this. 
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Tre usual method is to nass the treckx cables around a deflecting sheave of 
large diameter and bypass the buckets around the curve from one tangent to 

the other by means of steel rails on the curve tower. This requires an atten— 
dant at the station to reclamp the buckets to the haulage rove after the lat- 
ter has passed its deflecting sheeve, as it is difficult to devise a clamp 
that will retain its grip while »essing around such a sheave, 


The aerial tram can be constructed to transnort material over any sort 
of surface and for any reasonable distance. It may be utilized to transfer 
material from one building to enother a few hundred feet apart, each building 
functioning as a terminal with an unsunported span between buildings, or it 
may function as a haulage unit manv miles long. For example, the Peru Mining 
& Smelting Co. employs an aerial tram to haul ore from its mines to the sea- 
board more than 40 miles away. However, these long trams are not built in 
one self-contained operating unit. They are usually divided into independent 
units 1 to 6 or 7 miles long, each unit delivering to the next one either | 
through a transfer tower containing storage bins or by passing the buckets 
from one section to the next. Each section has its individual power drive. 
This division into sections also permits an angular change of direction with 
minimum difficulty. 


The average sand and gravel operctor, however, would not be as interested 
in a long haul as in a single self-contained unit handling his material from 
pit to plant or from plant to transvortation terminal. 


Aerial-tram buckets vary in design. Some are carried on axles similar 
to surface cars and travel above the track cables. With such buckets two 
track cables carry the loads and two return the empties. The wheels on the 
ends of the axles are grooved to fit the cables, and the haulage rope is 
above the track cables. In the more commonly used design a bucket is hung 
in a structural-steel carriage or frame supported from a pin in a e~ or y. 
wheel trolley running on a single track cable. The bucket hangs below the 
track cables, and tha haulage rope is attached to a clamp on the supporting 
frame. Each tower also carries idler roils which carry the sag of the haul- 
age rope between buckets, Both designs have their advocates and critics, but 
the latter seems to be more popular, judging from the number of installations. 


Aerial trams are not suited to handling material direct from excavators. 
Being tied to a fixed loading point the tram cannot follow the excavator. 
Some other form of haulage which is flexible must intervene between excavator 
and tran. 


Aerial-tram buckets are comparatively small units and consequently are 
not suitable for handling large lumps or boulders. The efficiency of a tram 
depends largely on its ability to keep a large number of small-unit carriers 
in constant motion. This necessitates quick loading and dumping. Material 
containing a large percentage of boulders presents obvious difficulties to 
quick loading, hence the tram operates more efficiently with crushed or small 
material that can be loaded quickly and smoothly through chutes from bins. 
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Bucket sizes vary with the individual installation, depending upon tke 
capacity desired, the physical character of the material handled, the rope 
speed of the tramwey, and the spacing of the buckets on the line. Trams 
have been operated successfully with buckets having capacities ranging from 
500 pounds to 4 tons each. A mine in Germany using autotrucks to take 
material from the excavator has designed the truck body so that it can te 
picked up by a sling on the aerial tram and used as a tram bucket. This 
arrangement avqids the necessity for crushing machinery and loading bins 
between the excavator and the tran. 


Table 74 has been compiled from articles in the technical press to 
show the characteristics and range of aerial tramways. 


As stated previously, aerial—tram buckets are usually leaded from bins 
through chutes. Loading bins serving conveyor belts cannct be made portable 
owing to mechanical difficulties involved in varying the length of the hal. 
- Loading stations can be inserted, however, at various points along the tren, 
hence loading is not confined to one point, 


‘Tram Buckets can be acmeed by hand or by automatic devices at any poirt 
along the line. Usually buckets are dumped into receiving bins, but scme- 
times the tram is used to deliver to ground stcrage or waste dumps, The 
dumping point may then be at a tower or between two towers as desired. In 
the latter case automatic dumping devices are. meevende to the track cables 
at the desired point. 


Auxiliary Machinery 


If the aerial tram is considered as a system consisting of towers, 
track cables, haulage rope, traveling huckets, and power supply, the only 
auxiliary machinery required is that for loading and dumping the buckets. 
This usually involves bins at Doth loading and discharge terminals. lLoad- 
ing tins are filled by some other haulage unit, such as a conveyor belt, 
power scraper, or cableway excavator. If the excavated material contains 
large pieces or boulders it is customary to install a crusher over the load- 
ing bin or at some voint in the flow of material preceding the bing In. 
installations such as that mentioned in Germany loading bins and crushers 
are eliminated, but there are few examples of this type of installation. 


- .Since the tram is tied to a stationary loeding point material must be 
brought to it by other haulage systems; thus they may be considered as 
service equipment. 


At the discharge terminal a bin is commonly provided over which the 
buckets may be operated. by. hand or by the haulage rope and dumped at any poit 
desired either manually or automatically. Usually buckets must be detached 
from the haulage rope at this point as at curve stations, Discharge bins 
may serve as temporary storage to feed the washing or treatment plant or may 
be merely intermediate points in the haul supplied by one section of the 
aerigl tram and loeding- another section or some other type of haulage such 
as railway cars or autotrucks. 
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| Capacity 


The capacity of an aerial tram depends upon the size of the individual 
buckets, their spacing on the haulage rove, their speed of travel, and the 
method of loading them. 


For the same haulage distance the capacity can be increased as follows: 
(1) By substituting an equal number of larger buckets, (2) by using more 
buckets of the same size but decreasing the distance between them,or 3) 
by increasing the traveling speed. 


For an increased haulage distance the same capacity may be maintained 
by simply increasing the number of buckets on the line, the spacing and 
speed remaining constant. The length of haul therefore affects cavacity 
only if a limited number of buckets is available. 


Within certain mechanical limits any or ca three of these meMnogs can 
te used to increase Cape tty 


Often the size of the buckets can be increased without changing the 
size of the track cables, but before this is attempted care must be exercised 
to see that the increased concentration of load tetween any two towers does 
not caise the track cable to be lifted clear of the saddle on the next tower. 
This is apt to occur when the tram extends over a long, level or fairly uni- 
form ascending or descending route or where loading and discharge terminals 
are at higher elevations than intervening towers. 


The same care must be exercised in increasing the number of buckets 
by closer spacing, even though the bucket size is not increased. Decreasing 
the spacing may ceuse two loads between towers where formerly only one was 
necessarye This doubles the traveling load on that particular span, in- 
creases the sag in the track cables, and tends to lift the latter from the 
saddles in succeeding towers, 


In either instance a reduction in the tension on the track cables may 
keep them in their saddles, if sufficient clearance ebove ground is availabic, 
but in so doing the sag is increased between all towers, and the deflection 
at each tower is increased as tne buckets pass over it, thus increasing 
cable wear due to moverent in the saddle and to flexure. Usually this evil 
is corrected by increasing the height of the tower from which the track 
cable is being lifted. 


Increasing capacity either by larger buckets or more buckets of the 
same size may require greater terision on the track cables, and this may 
cause them to lift off the saddles on low towers. Either method may also 
- necessitate replacing the track cables with others of larger diameter, which 
in turn may require a redesign of the trolley wheels on the bucket carriage. 
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Capacity can often be increased by increasing haulage speed, but this 
entails careful study of the driving mechanism, particularly with respect 
to friction on the drive wheel and the setting of the bucket clamps. In- 
creased speed requires greater driving tension and tighter bucket clamps. 


The capacity of an aerial tram is directly affected by the efficiency 
of the loading device. When it is loaded from bins the chute and gate must 
be quick-acting, and the material must flow easily and smoothly through the 
chute to give greatest efficiency. If the material contains boulders or 
clay rapid loading is difficult owing to blocking in the chutes. When mater- 
ial of this type is hauled by aerial tram it is.customary to enlarge the 
loading station so that surplus empty buckets are always available for load- 
ing from more than one chute. A timing device is also helpful so that the 
operator may send the loaded buckets away at regular intervals, Timing de—- 
vices may be run by gears from the main shaft and ring a gong at the proper 
interval, or markers may be placed on the haulage rope at the required 
distance. The former device is more satisfactory and more generally used. 


Owing to the variation in length, traveling speed, and other local con- 
ditions it is impracticable to tabulate eerial—tram capacities based on 
either bucket size or speed. Canacity must be computed for each installa- 
tion according to local conditions. When all. factors are known capacity can 
be computed accurately if no correction is necessary to account for partly~. 
filled buckets. Since tram buckets usually are not loaded automatically but 
by manpower, calculation cf capacity must take into account the personal 
equation, as with other types of equipment, hence working capacity is always 
less than theoretical capacity. The difference will depend upon the ef- 
ficiency of the loading device and the loader. 


The theoretical capacity of an aerial tram may be computed in numerous 
ways; the following is probably as simple as any. 


Let 
theoretical capacity of the tram, in tons per hour; 


rated load capacity of each bucket, in pounds; 
number of buckets delivered per hour 


= 
“nou 


Then 
WN 
2 ,Q00 


C2 
Hy 


Let 


rated volume of each bucket, ih cubic feet, and 
average weight. of a cubic foot of the material carried. 


< 
tool 


Then 
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Let - 
t = time interval betreen buckets, in seconds; 
d = distance interval between buckets, in feet; 
s = speed of the haulage rope, in feet per minute. 
Then 
w = 3,600 = 60s © 
t a 


and by combination in the original formulas 


co. SN _ _vmN ns Ans 
~ 2,000 ~ 2,000 = 5t = 100d 


The formula used will depend upon the form in which the known data are 
presented. | | 7 


Example 14 
An aerial tram is assumed to have been installed with the following 
‘operating conditions, and it is desired to know its capacity when handling 
sand and gravel. | | 
‘The speed of the haulage rope (s) is 450 feet per minute. 
Each bucket has a capacity (v) of 9 cubic feet. 
The buckets are spaced (ad) on the line at 180 feet. 


Sand and gravel ranges in weight from 2,900 to 3,240 pounds per cubic 
yard, or 107.4 to 120 pounds per cubic foot. 


Therefore m will range from 107.4 to 120 pounds. 


Then in the formula, 


c . 3vms 
a | 
100d 


C will range from 


3x9x107 o4x45O 
100x180 


or {2.5 tons per hour at the minimum value of m to. 


3x9x120x450 
100x180 


or 61.0 tons per hour at the maximum value of me 
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In example 14 it was assumed that a tram was already set up, and the 
calculation was made to determine merely its capacity when handling sand 
and gravel. Field calculations usually involve a different approach to ca~- 
pacity problems. The operator wants to know the details of a tram that will 
delivey a certain quantity of material from one point to enother in a given 
time. Example 15 illustrates this approach, . 


Example 15 
An operator wishes to erect a tram that will deliver his material, 


which averages 110 pounds per cubic foot (m), from pit to plant at the rate > 
of 120 tons per hour. Then 


120 tons per hour = 12052,000 4,000 pounds per minute. 


With a rope speed of 450 feet per minute (s) and buckets spaced to 
arrive at 30-second intervals (t), the distance spacing, (d), is 


#30 = 225 feet. 


Individual bucket loeds are 


4000 


> = 2,000 pounds. 


This size of the buckets (v) is 


2 ,000 = 18.2 cubic feet, 
110 


but to prevent spillage, 20-—cubic foot buckets are selected. 


Then by formula 


~ aie bd 4 , | 
C= ams = ai = 120 tons per hour. 


The theoretical capacity is 


3x20x110x450 _ ‘: | 
100x225 = 132 vous per hour. 


With the same rope speed but a 20-second Gelevery ee the distenes 
spacing would be 


7. 150 feet. 
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Individual bucketlcads would be 


4 000 
a = 1333 pounds, 


and each bucket would require 


Lea o) 
110.7 l2el cubic feet 


with, say, 15~cubic foot buckets installed. 


The working capacity would then be 


Cw 3x12.1x110x450 = 120 tons per hour, 
100x150 


and theoretical capacity would be 


3x15x110x45 | 
C= icouinG s = 148 tons per hour. 


Similarly, various other’ bucket sizes and line spacings could be 
selected, 


Power Calculations 


The power required to operate an aerial tram may have as its source the 
force of gravity, a mechanical motor, or both. 


Power is consumed in (1) moving the buckets end their loads horizon-— 
tally, (2) elevating buckets and loads vertically, (3) evercoming resistance 
offered by line friction, (4) overcoming resistance offered by friction in 
terminal machinery, and (5) overcoming inertia in starting and accelerating 
the buckets to line speed. 


If the design of the tramway is such that the material transported must 
also be elevated, then the installed mctor must have enough power to do all 
these things. 


If the tramway is designed to lower material, then the force of gravity 
may be sufficient to overcome all power-—consuming factors and may even 
develop a surplus for use elsewhere, but with low grades gravity is seldom 
enough, and additional power is necessary even though the loads move down 
hill. 


Various authorities have compiled formulas for computing the power re— 
quired to operate an aerial tram or the power developed by itlO/, The cbject 


10/ Peele, Robt., Mining Engineer's Handbook: John Wiley & Sons, 
2d @d., New York, 1927, pp. 1745 ~ 1788. 
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being to calculate tne size of the power unit necessary for economical opera-— 
tione Formulas differ owing to different methods of calculation or different 
mechanical data. Consequently, the power requirement found by using one 
formula may differ from that found by another, even though the basic data 

are the same. This difference may or may not be serious, but usually analysis 
will show that the Ten aahrOnM is due to the use of different coefficients of 
frictional resistance, 


Frictional resistance is encountered in aerial trams in various forms. 
In a bicable system the bucket—carrier wheels are subjected to rolling re- 
sistance or friction as they travel over the track cables. This will vary 
with the type of construction used in the track cables and the tension to 
which they are subjected. Locked steel track cables with smooth surfaces 
present less rolling friction than haulage or hoist ropes used as track 
cables. Taut cables offer less friction than slack cables. The bucket- 
carrier wheels also offer journal friction in their axles, and the traction 
rope encounters frictional resistance in being dragged over supporting idler 
sheaves, 


Monocable tramrays must overcome rolling friction as the rope passes 
over the tower sheaves, whicn also offer journal friction. 


Both types of trams must overcome frictional resistance in moving the 
terminal machinery. Terminal resistence or friction will vary rith the 
tension apvlied to the traction rope, Wire ropes are designed to operate 
at what is called "working tension", which is 16 to 20 percent of their 
breaking strength, depending on whether a factor of safety of 6 or 5 is 
used. Terminal tension can be comvuted on tne basis of the breaking strength 
of the traction rove, In the bicable system the traction rone verforms one 
function only -— bucket movement — hence the tension need be no more than 
that recuired to move the lcaded buckets and vrovide sufficient friction at 
the drive wheel. In the monocable system the running rope performs two 
functions; it moves the buckets and supports them between towers. It must 
therefore be under greater tension and sometimes produces greater terminal 
friction than is required by the traction rope of a bicable system. (How-~ 
ever, the increased power cost due to higher teminal friction may be offset 
by the lower maintenance cost of the simpler monocable svsten.) 


Since plain, roller, or ball bearings may be used in both carriage md 
tower sheaves and in some terminal mechinery, obviously the coefficient of 
friction will vary considerably according to the construction details, 


It is custemary to combine the effect of rolling and journal friction 
in carriage wheels and tower sheaves and represent both ty one coefficient 


designated as "line friction." The rover (Su for line 5 a Sieh, given 
by various authorities ranges from 0. O067 to 0.03 The lower 


figure represents the best modern including ee. cabal. 


11/ Information given the euthor by manufacturers. 
12/ Lay, Douglas, Design of Aerial Tramways: Eng. and Min. Jour., vol. 109, 
June 19, 1920, p. 1359. 


3807 ~ 23 - 


Google 


I.C. 6875 


The higher figure probably revresents plain bearings and may even include a 
surplus to cover terminal friction. 


The coefficient for terminal se Skarae Tu given by various enthorities 
ranges from 0.00556 (ta) 23/t0 0.015 Ga ; 


For preliminary estimates the coefficient of line friction may be taxcen 
as ranging from 9.007 for antifriction bearings to 0.02 for plain d}Dearings 
and from 0.005 to 0.015 for terminal bearings. 


In using eny coefficient, however, allowance must always be made for 
inefficient lubrication, which may totally destroy the value of any coefficient 
and the aecuracy of cemputations. 


In view of the preceding discussion the horsepower required to operate 
an aerial tram hauling loads up-grade or the power developed when the loads 
move down-grade may be-computed from the following formulas. 


PV 
uP = 35,000 
in which 
HP =‘horsepower, applied or produced; 
P = net pull on the traction rope, pounds; 
V = speed of the traction rope, feet per minute. 
P=T-S$ +p 
in which 
f = pull on the taut side, in pounds: 
S = pull on the slack side, in pounds; 
p = pull due to terminal friction. 
T = WH + 
S = wH + Fwid 
in which 
W = weight per foot on the loaded side, in pounds: 
w= weight per foot on the empty side, in pounds: 
H = difference in elevation between terminals, in feet; 
¥ = coefficient of line friction; 
L = horizontal length of the trem, in feet. 
W = £t@ 4 7 | | 
d | 
wager 


13 Information given the author by manufacturers. 

14/ Peele, Robt., Mining Engineer's Handbook: John Wiley & Sons,2d ed. New 
York, 1927, pe 1/73. Marks, Lionel S., Mechanical Engineer's Hand— 
book: McGraw-Hill Book Co., 3d ed. New York, 1930, p. 1419, 

15/ Sign of the last term is "plus" when the rope is pulled up-grade and 
"minus when it is let down. 


16/ See footnote 15. ~ oy . (3807) 
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in which 


gil/ = weight of the load in one bucket, in pounds; 

weight of one empty bucket and carriage, in pounds; 
distance between buckets, in feet; 

weight of 1 foot of traction zones in pounds. 

/pe — He, 


re ao 
Hou ott Wt 


in which D = the inclined length of the tram, in feet 


— 0.8 Bf, 
in wnich 
B = breaking strength of the traction rope, in pounds, and 
f = coefficient of terminal friction. 


Combining and substituting the above in one formula: 


For loads up-grade, SS 
| ap . (We + FHL) - (WH - Fw) + 0,8 BF V v | 


53 ,0CO 


For loads down-—grade, 


ap = {t FWL) ~(wH + FwL) - 0.8 Bf v} 


“33,000 


The preceding formulas assume that the size and weight. of the traction 
rope are known, seat none attempts to comvute what that size and weight should 
be. | 


The size of the traction rope devends upon the total tension to which 
it will be subjected. This total tension must not be confused with rope 
pull, although it is based on ite. Traction ropes are subject to the same 
laws as any band drive and may therefore be calculated from the power form- 
las for band drives. 


The pull transmitted to the line by the traction rope depends upon the 
friction between the rcpe and the surface of the bull wheel or driving drum. 
The driving wheel or drum may be a steel sheave with unlined rone groove; 
the groove may be lined with wood, rubber, or leather; or the sheave may 
be fitted with self-gripping fingers. In any case, the pull it can exert 
depends on friction, which, in turn, depends on the tension applied to the 
slack side of the sheave. Ey analytical mechanics the relation between the 
tensicn on taut and slack’ sides to prevent slipoving is expressed in the 
following formula: 7 


17/ In calculating the starting pull g is usually doubled. 
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7 .. S,et7H 
in which 
T-= taut-side tension, in pounds; 
5,= slack-side tension, in pounds; | 
e = base of Napierian legarithms = 2.71828; 
r= 3.1416, 
f= coefficient cf friction between rope and sheave; 
n = number of half plaps (1809) on the sheave. 


T-§ = S, (ef rm_1) 


from which the slack-side tension necessary to prevent slipping may be com- 
puted and the total rope tension and size of traction rope. 


For convenience the values of f and ie for the most common conditions 
are given in table 75. 


TABLE 75, — Values of f and e!:'® 


Number Condition | Type of sheave pa 
of half of. |Plain, amar ace {| Wood-lined _‘ Leather-or rubber-lined 
‘ at er'm 


1/ Figures for wet surfaces are customarily used. 


Bucket and carriage weights are not standardized but vary with the 
design of different manufacturers. There is no definite relationship be~ 
tween weight and size. Table 76 shows the approximate range in size and 


TABLE 76, - Approximate weight of aerial-tram bucket and carriage 


_—sSize, cubic feet C“‘‘™OOC(CWeighty pounds 
BOM sae oh ca Oe ca eg ec te ONG hte fo 
r 6 300.—. 315 
7 oo 15 ! oo | B00 
a = 25 . BRO 1,000 
Example 16 


The conditions are assumed to be the same as those used in example 15, 
The average weight of the sand and gravel was 110 pounds per cubic foot, the 
size of the buckets was 20 cubic feet, the distance between buckets was 

225 feet, the speed of the traction rope was 450 feet per minute, and the 
load in one bucket was 2,000 pounds. 
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Additional assumptions are as follows: The inclined distance between 
terminals is 3,000 feet, the discharge terminal is 100 feet above the loading 
terminal, plain besrings are used with a line-friction coefficient of 0.02, 
plain bearings are used with a terminal—friction ccefficient of 0.015; and 
oucket and carriage are assumed to weigh 800 pounds. 


The size of the traction rope depends upon the pull required, the cal- 
culation of which involves the weight and therefore the size of the traction 
rope. Calculation must then be a matter of "cut and try." 


With a bicable system and the loads pulled up-grade the weight per foot, 
if the rope weight is neglected, becomes: 


W = a = acaa a = 12.4 pounds 


WwW ae) i S00 = vounds. 
a DDe 3255 


The inclined distance petsoen terminals is given as 3,000 feet. 
L =\D° ~ H2 =\'3,0002 — 100° = 2,998.33 feet. 
The ratio of difference in elevation or lift to length is so small in 
this instance that it is disregarded, and 3,000-feet is taken as the horizon— 
tal length of the tram. With a steep incline, however, this ratio will be 


aporeciable and must be accounted for in the calculation. 


Substitution of the values of W and L in the equations for the pull on 
the taut and slacz sides gives 


Pounds 
T = WH + FWL = (1 ee x 100) + (0.02 x 12.4 x 3,000) = 1,984 
S = wH - Fwh = (3.55 x 100) — (0.02 x 3.55 x 3,000) = _142 
TS = 1, S42 


If a plain, unlined sheave is used to drive with three half laps then 
the slack-side tension is 


Since the taut-side pull was 1,984 pounds and the tension required on 
the slack side is 1,535 pounds, then by addition the total tension in the 
rope is 3,519 pounds; thus 


3,519 x 5 = 17,595 pounds = &,8 tons breaking stress. 
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| From mamfacturers! catalogs a 6 by 7 cast-steel rope 9/16 inch in di- 
ameter has a breaking stress of 9.4 tons and weighs 0. Ug pound per fcot, 
whereas the same type of rope 4 inch in diameter has a breaking stress of 
7-5 tons. Since the breaking stress of the 4~inch rope is less than that re- 
quired, the Q9/1e-inch size is chosen. Recalculating, 


W = ae + 0.48 = 12.88 pounds 


= = 505 + 0.48 = 4,03 pounds. 
| ; Pounds 
T = (12.88 x 100) + (0.02 x 12.88 x 3,000) = 2,061 
S = (4.03 x 100) - (0.02 x 4.03 x 3, 000) = 161 
TS = . 1,900 
1,900 = § cad St. 22909 . 1/533 
2,061 + 1°583 3 O44 eure: total tension. 
3,44 x 5 = 18,220 pounds = 9.1 tons breaking stress. 


This is below the tabulated ee of the Q/16-inch rope selected. 


0.8 BF = 0.8 x 18,800 x 0.015 = 226 pounds 
T-S +p = 2,061 - 61 + 219 = 2,126 pounds. 


PVs 2, 126x450 _ 29 
33,000 ~ 33,000 — 


td kd 
no 


The motor rating would be 25 percent higher, making the required motor 
36.25 HP, the nearest commercial size to which would be 40 HP. 


Incidentally, since S or the line pull on the slack side is 161 pounds 
and the slack-side tension necessary is 1,583 pounds, the tension weight 
necessary to provide this terision is 


2 (1,583 - 161) = 2,844 pounds. 
Assuming the same conditions except that the best antifriction bearings 


cn both line and terminal are used, the trial calculation for rope size would 
be 


Pounds 
T = (12.4 x 100) + (0.007 x 12.4 x 3,000) = 1500 
§ = (3 3655 x 100) - (0.007 x 3.55 x 3,000) = _280_ 
T-~S= 1220 | 


If a leather~lined sheave wheel is used with one half lap, then 


deceO = 8405.5 = 1) 


St = S5e = hes 
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1,500 + 488 = 1,988 pounds total rope tension 
1,988 x 5 = 9,940 pounds = 5 tons breaking stress. 


This requires a 7/16-inch, 6 by 7, cast-steel rope weighing 0.29 pound 
per foot and having a breaking stress of 5.8 tons. 


Recalculating, 
W = 2:000 + 890 . 9,09 = 12,69 pounds. 
225 : , 
a 800 = 
W = DOR + 0.29 = 3.84 pounds. 
| Pounds 
T = (12.7 x 100) + (0.007 x 12.7 x 3,000) = 1,537 
S = (3.8 x 100) ~ (0.007 x 3.8 x 3,000) = _ 300 
T-S = 1,237 
1,237 = 5, (3s 5-1) 
S, = eee = 495 pounds. 


1,537 + 495 = 2,032 pounds total rope tension. 


2,032 x 5 = 10,160 pounds = 5.08 tons, which is below the tabulated 
strength of the 7/16-inch rope selected. 


0.8 Bf = 0.8 x 11,600 x 0.005 = 46.4 pounds. 
1,537 300 + 46.4 = 1,283 pounds 


1,283 x 450 = 17.5 
33 000 


re 


If 25 percent is added the motor rating is 22 HP. The tension weight 
in this case would be 2(495 — 300) = 390 pounds. 


If a monocable system is used instead of the bicable the traction rope 
mst have strength enough to support the loads over the longest span without 
excessive sag or deflection in the line. The permissible sag may be limited 
by local surface profile or economical tower height. Line sag or deflection 
depends upon the tension applied to the traction rope, the length and in- 
clination of the span, the weight of the rope, the weight of the buckets 
and their loads, and the distance between buckets, Tramway design permits 
a maximum sag of 24 to 10 percent of the span, but it usually does not ex- 
ceed 5 percent. Sag or deflection must be calculated for each position of 
the bucket or buckets on each span and ingolves formulas for catenary or 
parabolic curves and higher mathematics.—’ For final tram design the de- 
flection should be accurately calculated from these formulas by an engineer 
familiar with this class of construction. 


18/ Carstarphen, F. C,, A Simple Method of Computing Deflections of a Cable 
Span Carrying Multiple Loads Evenly Spaced: Trans. Am. Soc. Civ. Eng., 
Paper 1,454, vol. 83, 1919-20, pp. 1383-1408. 
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Calculation of the power required for a monocable system involves the 
tension required in the traction ropé rather than the sag. However, tensict 
depends upon rope weight, span length, and weight of the loads sere ied, all 
of which are involved in computing sag. Therefore, if the maximum sag is 
assumed the formula for sag may be used to determine the tension required 
and hence the size of rope necessarye 


The tension in an unloaded rope may be found from the following formi:z: 


end the tension due to a single load at the center of a span, the ends of 
which are at the same elevation, by 


The total tension on the rope is then Te + Tz. This, will be modified 
when the ends of the span are at unequal elevations, In these formulas, 


horizontal tension due to empty rope, in pounds; 
horizontal tension due to a single load, in pounds; 
weight of the rope per foot, in pounds; 

length of the span, in feet; | 

gross weight of one bucket and load, in pounds; 

sag or deflection at the center of the span, in feet. 


The greater deflection will be caused by the single load in the center 
of the span. If a ratio of sag to svan cf 5 percent and a maximum span of 
200 feet are assumed, the tension due to load is 


— 2,800 x 200 


las We jo = = 14,000 pounds. 


_ ' This may for the moment be assumed as the working tension of the trac- 
tion rope. Its breaking strength will then be 


14,000 x 5 = 70,000 pounds, 
or 35-tons, Reference to manufacturers! catalogs shows that a 6 by 19 


special plow-steel rope of l-inch diameter has a breaking strength of Yo 
tons and weighs 1.5 pounds ver foot. 
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Recalculation gives 


Pounds 
fe. eS asi 1.6x(200)° B00 
Bd 8x10 
tg = Fp = Se = 000 
Te + Te = 4, 800 


14,800 x’ 5 = 74 ¢ 000 pounds 
or 3/ tons, as the breaking strength necessary, indicating a l-inch rope, 


Substitution in the power formulas gives 


_ gre 2,000 + 800 
W Fl + rca 225 + 1.6 


800 


14.0 vounds, 


+16 


| 
i 
lo 
-+ 
H 
tt 


i 


5.1 pounds 


d ech 
T = (14.0 x 100) + (0.02 x 14.0 x 3,000) = 2,240 pounds, 
S = (5.1 x 100) - (0.02 x 5.1 x 3,000) = 204 pounds, 
p = 0.8 Bf = 0.8 x 84,000 x 0.015 = 1,008 Aeon 
P=T7-—S 4p = 2,20 ~ 204 + 1,008 = 3,044 pounds, 
HP — = 3,044 x eo ss 41.5. 


33,000 ~~ = 33,000 


The motor rating would be 25 percent higher, making the required motor 
50 HP. 


With mtifriction bearings the theoretical HP required would be 22,2 
and the motor rating, 28 HP. 


Then 
TT. § = 2,2eh0 — 204 = 2,034 > 
With a driving sheave equ ipped rith steel jaws and having a leverage 
ratio of 1 to 3 the value of e''" will be 2.2, or the same as a plain sheave 


with 3 half lans, Then 


S (26 2-1), 


2,034 
S) : » (OO pounds. 


The tension necessary on the slack side to prevent slipping is tnen 1,/00 
pounds. However, the tension necessary to provide the designed line sag was 
14,800 pounds, hence slack-side tension for driving may be disregarded. 


The tension weight required will.be twice the necessary tension, or 
14,800 x 2 = 29,600 pounds. 
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Aerial-—Tram Design 


This paper might be greatly extended by discussing aerial—tram design, 
including the vroper heights of towere to provide clesrance for loaded 
buckets, the tension to be applied to obtain the required deflection and 
driving friction, and other technical problems involved. Since, however, 
the solution of a single problem fcr a specific installation could not be 
applied to another because of local differences and because such a solution 
involves higher mathematics, the author feels that such discussion is beyord 
the scope of this circular. For ‘such information the reader is referred to 
the references cited, to technical ere and to the engineering staffs 
of manufacturers of aérial trams. 
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